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IDENTIFIERS 

aBSTRaCT ~ . J . . =, .u- X 

These curriculum materials are the tfixrd section or a 

four-part* secondary-postsecondary-iev€l,.cdurs€ in metals processing. 

The course is cne" of a number of .military-developed curriculum 

packages selected for. adaptation to vocational instruction and 

curriculum development in =a civilian settings Blpck^V, Inert 6as 

Shielded Welding cf High Performance aircraft Metals, has nine / 

lessons' containing eighty-eight hcur^ an instruction: Inert 6as 

Shieldei^ welding, Joints of H^at and corrosion Resistant Ferrous 

alloys, position Welding of Heat and Cdrrdsidn Resistant^ Ferrous 

aiioys. Joints of aluminum and aluminum alloy Sheet and Plate, Butt 

Joints of Magnesium, Joints of a-286ailoy. Joints of Chromoloy, Butt 

Joints of Nickel Base alleys^ and Butt Joints of Titanium and _^ 

Titanium ailev Sheet. Block VI, Pipe, Tubing^ and aircraft Exhaust 

and Je^vjnsiae Hot Section Repair, has six lessons covering 

fifty-eight hctjrs of instruction: Jcints of Heat and Corrosion 

Resistant Ferrous alloy Pipe* Joints of Sltimimum alloy Pipe and 

Tubing ,JButt Patches on Jest Engine Hot Section Parts, Fillet Patches 

on Jet Engine Hot Section Parts* Eeciprbca ting Engine Exhaust 

Hai^ fold Repair, and. Helding^of.earbona^^ Steel Tubular 

■assemblies. Instructicn oateriais include a course chart, detailed 
lessdn plans? and a plan of instructicn containing the units of 
instruction* criterion objectives, and additional materials needed. 

-Student- materials include a study guide for each block with - 
objertivesl inf or matibn* review and references for each 

lessen. Suogested audibvisuals'are not provided. (ILB) 
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METAIiS PROCESSING SPECIALIST 
BLOCKS V & VI 



u:S.&Ef>AIITMEMTOF HEAJ.TH.: 
lOUCATlON « WCUFAStE 
NATiONAL INSTITUTE OF 
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THIS JJOCUMENT ^AS BEEN REPRO- 

oucEa-EXACt4.Y^^ p£ceivEa jproAa 
T £ p e R SON or or o a Ni^AT I On. _o rj g in- 

ATJ^NG IT POINTS OF VIEW OR OPINIONS 
STATED t>a NOT NEC ESS AR j^Y R EPR€- 
SENTOFFlClAtNATiONAt INSTtTXITE OF 
EDUCATION POSITION OR POLICY 




THE MIIIHAL^GB^ 
FOR RESEARCH IN V06l[nQNtt^^^ 




MEEIEaQf etiRKEcauiH mrsBiiss 



The nd.Uta^-de\^lpped curriciaim oji tii^ course 

pad^age ^gere selected 1^ 1±e Nab^ial Genter for ^earch m 
^^cational EducaticSi Military , (^no^ ProDect for^dassem- _ 



'bther :^Sfcfcional materials agencies. The parpose ot _ 
disseninattog Qiese OTurses vras to make currico^^inaterxals 
(^velc^ the.im^tary itpre^a«=cessible to vocafctonal 
ediirators in tihe civilian setting. 

Hie course materia were acquired^ evaltaated ty project 
^£ and practitioner^" in tiie f ieK,^ prepared^for ^ ^ ^ 
dissgn inati en. Materials vdiich were specific to tbe i^LLtai^ 
were dieted, copyrighted materials were^tii^ onitted or^ai^Jro- 
val for their tase was obtained. These coorse^adcages contain 
curriculim resour^ mat^als which can be.a^pted to support 
vcscational instructian and currLculuin mv&la^aent. 
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The National Center for Research^ in 
Vocational Education's mission is to increase 
the ability of diverse agenclK, institations, 
and orianizations to solve educational prob- 



preparation, 




Evaluating individual program needs 
and outcomes 

Installing educational priSgrartis and 
products 



sen/ices 



training progranjs , 

FOR. FURTHER IMFORMATION ABOUT 
Military CurricuiuitiMateriats 

WRITE OR CALL 

Pri^fam InformationOffice 
the National Center for Research in Vbational 
EduatHW ' 

TteflWo St^Unh^ity ; " " ' ' 

fgeO Kenny Road. Cblutfibus, Ohio 43210 



E RI C 8^'5*ithinthe cbfiti^ U.S. 
taceptOliie). 



■■It 




fuificiilum Materials 
dissemination Is ., , 




an activity to increase tfie accessibility of 
mijitary-developed curricuium materials to 
vocational and technical educator. . 

This project, funded by the U.S. Office of 
Education, includes the identification and 
Icquisition of curriculufn materiais in print 
form from. the_ Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Acces to military curriculum materials is 
provided through a "joint Memorandum of 
UndeRtanding" betweenjhe U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational E^cation is the l).S. Office of 
Education's ^esigaated representative to , 
acquire the materials and conduct the project 
activities.- 



Wesley E.3udke,Ph.D., Director 



-Shirley A;Ghase.PH.D. 
Project Director 



What 
AreAvaiialle? 



One hundred twenty courses on microiK 
(thirteen in paper form) and descriptions of 
each.have been provided to the vocational 
Curriculum Coortlination Centers and other 
instructional materials sgehcies for dissemi- 
nation. • 

torn materials include programmed 
Instruction, cufricuium outlines, ihstriictdr 
guides, student workbooi« and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational siib 



Agriculture Food Service 

Aviation Health 

Buildings Heating & Air 

' Construction Conditioning 

Trades Machlnejhop 

Clerical , Managements 

.Occupations .Sape^feion 

Communications Meteorology & 

Drafting. - .Navigation 

Electronics Photography 

Engine Mechanics Public Service 

The number of courses and the .subject areas 
represented will expand as aiditionsi mate- 
rials with application to vWdhal. and 
technical education arei 
for dissemination; 



Materials Be Obtained? 



Contact the Curriculum Cooriination Center 
in your reph for .information on obtaining 
materials {e,g., availability and cost). They 
will respond to your recjuest directly or refer 
you to an instructional materials agency 
closer to you. 



CURRICULUM COORDINATION CENTERS 



EASrCENTRAL NORTHWEST 

Rebeccas. Douglas Wjlliatn Daniels 

Director [ Director 

100 Nor* First Street Buildinil? 

Springfield, it 62777 Airdustrial Park ___ _ 

217/782-0759 Olynipia,WA 98504 



MIDWEST 



SOUTHEAST 

James F.Sf.ill.Ph.O. 
Director 

1515 West Sixth Ave. isisippi State University 
Stillwate"r, OK 74704 DravverDX 

Missisippi State, MS 39762 

601i^25-2510 



WESTERN . , 
Joseph r; Kelly, Ph.D. Lawrence F. H. Zane, Ph.D. 
Director , Director . . 

225West3tatBStre€t 1776 Unl"?raty Aye. 
Trenm'NJ 08625 Honbiuju,RrSS822 
609/2a2-65E! " '• : M8/948-7834 
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* iHitirim fm i iinw nded biit hot proviaea 

or 

ERIC 





i;;C6urBl ^>««crtptton: 



:ri^ir,;princtpl«,tSchniqoesa«^^^ 

mi r^ir of •quipment: blueprint ««ling: heat treatrng. '^""^^ » grinder,, drill presses, pov«r saws, and metal 



^BiocicV 



and hours foiiow: : > ;'* -v->C-^:!^^ ... -...^ , 

tnKt G» Shielcfed Weldinfl (2 hoors) ^-:>v> - :^ ; ' . ^ ^v^;^ 
Joifie of Hwt and Corrosion Resistant Ferrous Alloys (24 hoors) ^ . ^ _ 

Position Welding of HMtahdC»f«ienR^^ 
^ints of Aluminum and Aluminum Ajipy Sheet and Plate (12 hours) 
Bxnt Joints 0 f Magnesium (6 hours) . - ' ; y : 

jbintsof A-286 Alloy hC)^hours) \ -r^. ' : . 

JbiritsofCHromoloy (12 hours) _ • 
Butt Jointt of Nickel Base Alloys (6 Jiours) ^ 
Butt Joints of Titanium* an^ Titanium Alloy Sheet (10 hours) 



Block VI 



Jointt bf H«and Cbrrbstbn Rwifsnt Ferrous Alloy Pipe (S hours) 

Joints of Aluminum Alioy Pipe wid tubing (8 hours) 

Bott PitchK on Jrt Engine Hot 55«^bn J^re (18 hours) 
Fillet Patches w» Jet Engine Hot Section Partt M 2 hours) 
Reciprocating Engine Exhaust Manifold Repair (6 hoars) 
Welding of (Srbon and Alloy Steel Tubular Assemblies (6 hours) 



... v:*::. 



f -x-^ > ... 




ERJC^ 
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Course Material - UNCLASSIFIED 
'BLOCK V - Inert Gas Shielded Welding of 
High Perfdrniance Aircraft Metals 



120 Hbiirs IT 



Inert Gas Shielded Welding (2_hrs>j Joints of Heat and 
rCorr^^n^R^istantT^e^^ ; rb^sitibn 
Welding of Heat and Corrosion Resistant Ferrous .Alloys 
(6 hrs); Joints of Aiximinum and Aluminum Alloy Sheet and 
Plate_(12 hrs); Butt Joints of Magnesim (6 hrs) ; Joints 
of A-286 Alio? (10 hrs); Joints of Chromoloy (12 hrs); 
Butt Joints of Nickel Base. Alloys (6 hrs); Butt Joints 
of.Titanitnn and Titanium Alloy Sheet (10 hrs); Measure- 
ment and Critique (2 hrs)^ ^ 

(Equipment Hazards and Personnel Safety Integrated 'with 
Above Subjects) 

60 Hours C/L . 



30 Hours CTT 



ATC 



FORM 
APR 73 



PHEVIOOS COITION OBSOLCTC. 



79-24078 





Course Mate>-ial - UNCLASSIFI^"-"*^^^ 78^ Hours TT 
BLOCK VI - Pipe, Tubingi Aircraft 
Exhaust and Jet Engine Hot Section Repair 


\ 8 Hours CTT 


12 


Joints of Heat and Cbrrbsibn Resistant Ferrous^ Alloy 
Pipe (8 hrs); Joints of Aluninum Alloy Pipe and Tub- . 
ing (8 hrs); Butt Patches on Jet Engine Hot Section 


1 




2 Hours RT 


13 


Parts (18 hrs) Fillet Patches on Jet Engine Hot 
Section Parts (12 hrs) ; Reciprocating Engine Eschaust ; 
Manifold^ Repair (6 hrs); Welding of Carbon and Alloy 
Steel Tubular. Assemblies (6 hrs) ; Measurement and | 
Critique (2 hrs). { 

(Equipment Hazards and Personnel Safety Integrated xrf.th ! 
Above Subjects) { 

- ' 60 Hours C/L \ 


Ips^burs CTT 

\ I 
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PtAN OF INSTRUCTION 



COCWe TITLE 

MgfjrtK Proce ssing Spedaiis: 



Tflgrt gas Shielded Weldin g of High Perfoimnce A ircraft Ketals 



UNiTSOF }n$:ruct<on and criterion OBjSCnVES 



(HOURS) 



Support MATERIALS AND GOiOANCS 



1. Inert Gas Shielded tfeldliig ' 



a. yithout reference, select prtacipies 
aad.pperatipn of inert gas shielded veldiac 
cqulpnent vith ?3!! acctjracy; 



b; Clveti liiert gas shielded veldlng 
aachlne, set up and »aake_ correct apparatus 
settings IiCJ T0'35VMl"l: 



3ABR53131 



Coluinn 1 Reference STS Refcr^n 



la 
lb 



Rercrft^f! 
23a(l) y 
23a(2T 



hs_tructionail!ateiiais_ . __, 

3ABR55Hi-3(^i^lrlfiert^^^^^ 
Modern Voiding, (Ciapters 11 and i2)_ 
TO 35W41-1, Operator Service and Repair * Inert Cas Shielded Arc 
Welding Machine 

Audio Visual Aids 



FllS: FLC 9-233, Industrial Gases and Shielded Stc Welding 
Chart: Arc Welding Machine Controls . . 



IraMnfj Equlpaent _. _ .. _ . ^ 

Inert Gas Shielded Welding Equlpient eonslsclag of: ftrc Welding Hachlne, 

Protective Equipaient, Torch with Hoses and Cables, and' Welding 

Tables (1) 
Toolkit (1) - • ' 

Tralnine Methods 

Discusslon/Deiibnstratlon (1.5 hrs) 
PerforDance (,S hr) , 

lastructionaiJpvironncnt/Design . . 

Classrc»oin (1.5 hrs) - -\ . ■ 

Laboratory (.5 hr) ' • ' ; 

instructional .Guidance 



Have each student respond to jhe written iteos in the .lessoa: Ssphasize 
the iiiportance of correct, current.settings for TIG wcldirtg.__ Make outsld^ 
assignment to reai 3ABR53131-SC-502 and Chapter IModern Wel^ ' 
Irstfcccor will use "Quality and Seiiability Assurance.'flandbook H-563. __ 
Arc Welding" (Chapter .5), as an additional reference throughout Block V; 



OA^g 23 Septeiiteer 1975/' 



PACE NO. 33 
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PLAN dFlNStRUCtiOSiCintiiued) 



- UNITS OP iKSTI^UCTiON AND CRlTERiON OBJECTIVES 



CURATIOK 
, (HOURS) 



SUPPORT MATERIALS AND GUIDANCE 



2. 



joints bfjsat and Conoslon Sesistant 
Ferrous Alloys 



a. : Given. laert-p^.M . 

eqoipme&tdnd heat and corrosion resistant 
ferrous alloy specliiiens, set up M weld edge 
joints, free of :uadercut and overlap, for a 
total coablned. distance of no less tlian 3/4 
of the. length, of the speclBien, excluding the 
first 1/2 inch start and the last 1/2 Inch 
finish. All shop safe^j good bbuseke_epii^i . 
,andJttrU^eyentibn;^ffle^^^ ???JLl^^ observed^ 



h. Given inert gasjhlelded welding ^ 
eqtiipsQit and heat. and corrosion resistant 
ferrous alloy 'speclBens, set tip and weld lap 
joints, frei of acessive penetration, undercut, 
and overlap, for a total coi)lned distance of 
.no less-thaai/^of the.lengtii of , Se specto, 
excIudi^'thVfiret 1/2 
last 1/2 inch finiaL , All shop safety, good 
housekeepingiJnd- fire prevention measures 
Bust be observed. , 

c. Given inert _gas shielded welding 
equipoeiit and heat aid corrosion jeslsfanf 
ferrous alloy speciaens, set up and weld butt 
joints with Ml penetration, free of undercut 
and overlap, for a total. combined distance of 
no less than_3A_of theiength oi the sp^ 
excludtog the .first . 1/2. inch start and .the last 
1/4 inch finish. All shop safety , good house- 
keeping, aid fire prevention measures tiust. be * 
observed. , ' 



32 
(24/8) 

(3) 



(7) 



Caution students not to mark or_ write on any training litearture as it 
is to be reused by subsequent clwsas* 

eace STS Reference 



2a 
2b 
2c 
2d 



3a, 3b, 23a(3) 
3a, 3b, 23a(5) 
3a, 3b, 23a(4)^ 
3a, 3b, 23a(6) 



Ihstructlbha l Materials • 

5ABR53111-SG-502,_ Joints 'of Heat and Corrosion Resistant Ferrous 
'ilbdern ffeldlng (Chapter 18) 



Inert Gas Shielded Welding Equipient Conplete (1) 

■pbwer^hears-(6) ~~ • 

Toolkit ill ' j: , _ 

-Trainer: Tungsten Inert Gas (TIG) Shielded Welding 5peciniets, 4404 (12) 



Discusslon/Peffionstration (2.3 hrs) 
Performance' (21.5 Hrs) 

Outside ^sslgDinent";(Hrs) . ; ^ 

' instructional Enviroiiiaent/Desiiffir 
Classroom (2 hrs) . . 
Laboratory (22 hrs) ■ ' , 

Instructional Guidance ._ _ 

ESbhaslze welding. ^s^^^ mi veld requtrenents for edge, ftp, butt,. tee, 
M comer. joints. Make outside assi^isent to read 3ABR53131-SG-503 and 
Chapters 11 and 18, Jfodern Ucldinf.'' AdEinister :appraisai test upon 
conpletlcn of this assignment. Eophasize conservation of heat and 
cbrrosl'oii resistant ferrotis alloys sid filler rods.- 
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tJATE 23 September 1975 



BLOCK NO. V 



PACE NO. 34 



form' mi PREVIOUS eOlTtONS OBSOIETL 




Fi'J *rs/mt hiwthdf »tc choxt tht\ tine) 
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PtAK OF INSTRUCnON (Continued) 



CNITS OF iNSTJtjCT OS AND CRITERION OBJECTIVES 



L Gtm ^eft gas sEelded veldicg - 
equiptient and heat and corrosion resistant 
ferrous aiioy speclaeas, s_et.up'fflid weld tee 
and corner joints, free of excessive penetra- 
tion, overlap, and undercuti for a total 
:oibined dista^e of no liss than 3/4 of the 
length of the spedneai. excluding the first • 
1/2 inch :3tartjffd the li. 1 1/2 inch finish. 
*lt shop safety, good housekeepings and fire 
prevention measures oust be observed. 

3. Position Welding of Heat and Corrosion 
Resistant Ferrous Alloys 

a. Given inert .gas shielded welding 
equipneat and. heat and corrosion resistant 
ferro© alloy specimens, set up and weld butt 
joints in the hbrizbntaljosltloa ^rtth lOOZ 
penetration, free ot overlap and undercut, 
for a total conblned dist^ce ef no less thai 
3/4 of the lengi of the speciueni excluding 
'the first 1/2 inch .start and the last 1/2 inch: 
fitishi AH shop safety; sood housekeeping, ; 
and fire prevention measures mist be observed. 

b. Given inert gas shielded welding 
eqiSpient M heat ^and corrosion resistant- 
fenous alloy specians, set up jmd weld . 

butt joints in the_vertical position with , 

lOOZ penetration, free of overlap and undercut, 
for a-totai.conibined distance. of no less_than 
3M of the length of the speciinea, excluding 
the first 1/2 inch Itirl ^d the last_l/2 inch 
fittisL ttljhoD Jafety, !^^^ 

and fire; prevention measures oust be observed* 



DURAT40N 
. (HOURS) 



(9) 



..8.. 
(6/2) 



Support «a:£^' a,: *nd guidance 



Cblmi-1 Reference 
3a, 3b, 



SIS Reference. 
3a, 3b, 23a (7) 



Instructtonal_Merial3 ' 

3ABR53131-SG-S03, Position Weldinz of Heat and Corrosion. Resistant 
. Ferrous. Alloys _ 
Modern" Welding (Chapter 18) 



iliieiit 



Inert. Gas Shielded Welding Station Complete (1) 
Power Shears (6) ■ 
ToolEt (1) 

_ , ^ 

Training Methods . 
Discussion/Deionstration (1 hr j 
Perfomncc' (5 hrs) 

Outside Assigtment (2 hrs) ■* ■ 

Iiistructional EnvironiBent/5esign 
Classrooa (.5 hr) 
Laboratory (5 .5 hrs) 

Instructional Guidance . . . 

Bnphasize-weldtog safety^pplicable to horizontal and. vertical welding 
and explain we&ng requireottnts Jor butt joints... Make^outside __ 
assigmaent to read 3A81153131-SG-504 and Chapter 18, Modern Welding, 
Administer appraisal test_upon coc^letion of this a3signfflent._ Eophasize 
proper joint set-up and f letter adjustaent to conserve argon ga s> 



PLAN OF INSTRUCTION 3^RS3131 



DATE' 23 Senteiber 1975 block no, V. 



PACE NO. 35 



PtMbnN$TRtiCTiON(&trtinoi4 



LietS OF WStRlttiii AND CRITERION OBiECtiVES 



DCRATION 
: IMC'JRSI. : 



SUPPORT Materials ANCCOiDANCE 



4. 



Joints of Altilnii 
ShKC Plate . 



Aliioliiii Alloy 



: ' s. ' Gtves gas shielded veldi^ 
eijaipQeiit aad alwlhw iUc^ 

slieet spsetoes, set c? and veld lap.joiaca, 
free of eicessive penetration, overlap, and 
iidercut,. for a total cos^tsed distance of. 
no less than 3,M of the length of the speciaen, 
excluding the first 1/2 inch start and the _ 
last 1/2 inch finish. All shop safety.^gbdd 
housekeeping; mi fire prevention neasnres 
sust be (ibserved. • 

b. . ■ Ciwnj inert p shielded welding 
iequipaeiit aiid alMntm sid sltiinnD alloy 
?ia.te:s5eciBets, set up. and weld butt joints 
kith 1002 penetration, free of overlap and 
undercut^ for 'a total wib distance of 

ijo less than 3/5 of the length of the ^peciiES,, 
cxcMng the first 1/2 inch start and the 
last 1/2; inch iinish. ^_.shop safety, good 
heusdceeping, W fire prevention iicasures 
cust be observed. ■ 

c. Given inert gas shielded welding 
equiputit ^d aloainin and .aluoinuD alloy 
sheet specinens, set up and weld tee joints, 
free of estcesslve penetration, overlap, and _ 

undercut^ for ;a total cbiblned distance of 

no less thfii 3/4 of the length of the specinen, 
excludinjg. the. first 1/2 inch start and the last 
1/2 finish. ,_A11 shop safety, good house- , 
keeping,;'85f'iirc prevention aeasures oust 

be observed'. 



16 

(12/4) 

(2) 



(5) 



(5) 



Cblum 1 Reference Si^? . e f c r e nc c 
4a, 4b, 4c 3a, 3b, 23a 

Instr ictional Katerials - - ' 

'.3ABR53i.3.1-SW04,_ Joints of Aliiinm and Aloilnuo Alloy Sheet and Plate 
Modern Melding (Chapter 18) 

Audio Visual Aida 

Film: PLC 2360, Veldiag Aluiinun 

Training Eguipgent . 1 

"tteff Gas Shielded Mding Station Coiplete (1) 
Power.Shears (6) 
roollcit (1) 



\ 



Discussion/Deaonstration (2 hrs) 

Oucside Assignnent (4 hrs) 

Instnctional at^ronaent/teslgp 
Cla8sroon^(1.5 hrs)^_ 
Laboratory (10.5 hrs) 



lastroctional guidance _ _ 
Eaphaslze welding safety and welding reqlilreocnts for alu^n#. Mike 
outside asslgniffint to read.3ABR53131-SG-5d5 'and Chapter 18, Jlodcrn . 
Welding.' ^sinister appraisal test, upon co^letion-ofjhis assipent. 
Instructor will use _Mit-HDBk-694A(^), Alundnon and Aitaiiinua Alloys,- 
ai an additional reference. Enphasize conservitibn of alaainui and 
aiufflinuiii alloy sheet, plate, and filler rod. 
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(LOCK NO. V 



PAKtib. . 36 ^ 



ATC ; 'j, 33;A 



pftfvjous EOiTioNi ossoiere. 



ERIC 



18 



■I .\ 



t 



• ■) 



1 



It .....'i:' 



PtJMOFW$TraCTI0H(C6(iHfiue« . 


UWT$ OF INSTRUCTION AND CWTERIOHOSJECTli^Ei * 


DU9Ar40N 
. (HOQRS' 


$Uf»PbRt MATEi^Uui AN? CU'DanCE 


5; But: Joints of Magns^^oc 

a; ' Cltea Inert shidded vcidlng . 
equipment and QAgacsiufljgeciiDans, set up and 
weld butt Joints with lOOI penetration, free, 
cf overlap _and un^'^rcutj for a total c«filn*d 
distance of no less than 3/4 oi the length of 
the specto, excluding the first 1/2 inch 
s:ai^ and thriasUZlinrh flntpK^. ttl shop 
safety, good hpusticeeplag, and fire prevention 
scitsures i&ust be observed. 


8 

(6/2) 


Cbluim 1 Refereace SIS Reference ^ 
5a 33, 3b, :3a(9). 

Instructional iiatcrials _ 

3ABRS3131-SG-50S, But^ of Magnesiua . 

Modem Kelding (Chapter 18) 

Tratntfij; Equipnent 

Inert ?as Shielded !Jelding Station Coiplete (1) 
Cleaning Equlppenc (12) 
Power Shears (6) 
Toolkit (1) 

Training ilethoda . . 
piscussion/Deaiihstretlcm (1 hr) ^ 
Perforaance (5 hrs)._ 
Outside Assigniaent (2 hrs) 

Instructional EnvlTonneat/Pesign 
ClassrooQ (.S hr) 
Laboratory (5.3 hrs) 

Instructional Mdanee 

Finphaslze welding safety and fire prevention, .applicable. to cagncslun.. 

Make ouulde atslgnfient to read 3ABRS3131-SG-S06. Addnlster appraisal 

test upon cosipletlcn of this assij^nssent. Instructor v^U.use HT^-HDBK- 
' 6S3A, liagnesii.and Hapiesiua Alloy Handbook and HTL-STD-509S, Allo^ 
, Nooendature and Temper. Designation Systen for Kagnesium Base. Alloys, 

as an additiwai rcf-ircnce. Eophasize conservation of aagiiesluni sheet 

and filler rod. 

* 


^lAK o« isiTRuri* NO. . 3SBR 3131 


DATE 23 S< 


ipteobet 1975 ' 


SLOCK NO. V 





PLiN OF INSTRUCTION (Cbntmu^ 



Un/TS of iMSTRUCTIQK AND CRITERION OBJECTIVES 

1 

6* Joints of S-286 Slloy 

a. • Given inert ^ sMelfcd vel^g 
eqdpiient and A-236 all^ specioens, set up 
and veld bntt joints vith lOOZ pQietration> 
free of overlap and .undercut, for a total 
combined distance of no le^s tbsi 3/4 of the ^ 
leng^ of the spedwi^.exclodlng the first 
1/2 inch start ana_the last 1/2 tech fi^sh. 
AH shop safety, good housekeeping, and' Ere 
prevention seasures must be observed* 

b. Given inert p shielded veldlng 
eqdtpDBnt and.A-286 aliby speclaens^. set up 
andxveld tee joints free of eccessive 
pesetratioQi overlap j and undercut i for a 
total combined ^distance ofjo less than 3/4_ 
of the. length of the speclwn, exdiiding the 
first 1/2 inch start and the last i/2 ini 
finish, ffli shop safety, good housekeeping, 
and fire pieventlijn loeasures mist be observed. 



DURATION 
(HOURS) 



iuPPORt MAtERiALS AND CUiOANCE 



14 

(6) 



Coiuafl-4 Ref e r e nce STS Referenc e 



(4) 



3a, 2b, mm 
3a, 3b, 



6a 
6b 



Instmctional4laterials 
3SBR53131-SG-506, Joints of i-286 Alloy 

IraininR Equtpaent * . . _ 

Incr: Gas Shielded Welding Station Conplete (1) 
Cleaning Equipnient (12) 
lover Shears (6) 
Toollcit (1} 



Training Methods . . ^ 
Dlscussibn/Desons (1 hr] 
Perforaance (9 hrsj.. 
Outside AssigWDent (4 hrs) 

I^tructib nal Ihvlrbnneh t/Design 
Classrooi (1 hr) 
Laboratory (9 hrs) 

Instructi onal Guidanc e 

E^Hastze shop safety and explain welding requirenents for A-286 alloy. 
J|aite- outside asslgnnent to read 3ABR53131-SG-507> Adnlnister appraisal 
test i?on cospletlon of this assignment. .Enphaslze conservation of 
A-286 alloy sheet and filler rod. 



PLAN OF INSTRUaiOH fio. 3AES53131 



DATE 23 Septeiiiberl975 bloc< no> V 



PAGE NO. 38 



SIC r% 33;* 



pjcvioos mmi mMit. 



. . . . , _ . . ' . ,. ., . . 



ifind r«4cdM to tndWl M tku Aii tiul 



23 



PUlHOFINSTRUCTipRieMtiAuta) 



^ _ _ A. _ . 

mi OF iKSTROaiQK m CRITERION OBJECTIVES ' 



EHIRATJQN 
. (HOURS . 



3 



SUPPORT MATERiALS AND GUIDANCE 



8« Btnx^o&tg of Nid^ Base 

&m imt gas shleUed^^l^g'^ . 

kz up m filil btttjjbtnts vltb'in)Z pene- - 
tntiocii ira for.a 
cool eaibiied mtmt oij^ leas than 3M ^ 
of the length of the spec^,^ excluding the 
ftTBt 1/2 Inch atsrf Sia Che Isit 1/2 liii^ 
finish. .Jill 'shojp aafetji good housekeeping, _ 
and *fire pzemtion leaauris Hat be observed. 



.10 



Column 1 R eference ■ Reference. . 
8a ^ 3a, 3b, mm 



Instructional Katerias 

3SBR53131-SG-508, Butt Jobts of Nickel Base Alloys 
Training l auiwnt 

inert Gas Shielded Veldin^-Station Conplete (1) 
Cleaning ^uipaent (12) 
Power Shears (6) 
Tooiata) 

_ . _ ■ i' 
Training Heth ods • 
Biscussion/D^nstratioii (1 hrj 
Perfornance (5 hrsj 
Outside 'Assignseat (4 hrs)- 

Instmcttonal Environient/Desiffl | ' 
Classrobffi (*5 tir) _ " 
L^oratory (S*5 hrs) 



Instmcttonal Guidsce . 

PpSasize welding , safety .and e^lain, the welding requir^ents for nickel 
base aiioysi fBce otitslde assigriKht to read 3pR53yi-^^ ■ 
Chapter 24, Hbdem Welding, _ Administer appraisal test upon completion 
of .this asslgffiaent; ESphasize consemtioh of nickel base alloy sheet 
and filler rod. ' . 



pcw pPiNSTRQCTiijiNa 3ABR53i3i 



DATE 



23 Sept^er iaJl 



BLOCK NO. 



PACE»iO. 



row 337^ 

73 ■ ^ 




PRfviQus EOTiONS oesoLCre: 



. }_ , ■ . , .... _ . 

:;;i■.'|■A;B*^;Er!5■;■.^ : :^^ i s;]^ 



(Find h^cHm I» indtdt «w a^vt t^tlinti 



'$ 



PLAN bMKSTRUCtldNiContinMedj 



1 



UNITS OF (NSTRUCTlbN AND CRITERION OBjECTtVES 



OtLRATJOK 
. (HOURS) 



SUPPORT MATERIALS AND GUIDANCE. 



7 



3 



9. Butt Joints of Tltinlui M Ut^m 
Alloy Sheet 



a. Givea ine)^ g^/siiieidd 
equipient and tltaniuai and titai^tm sUoy 
speclaeos, set 19 ud veld butt joints with 
lOOZ penetration, ftoe of overlap sid tmder- 
cttti for a_total_coQb_lned distance of no less 
than 3/4 of the length of the specto, j . 
excluding. the first l/2_inch start and. the , 
last 1/2 liich finish; til shbp- safety, good 
housekeep^g, and fire prevention measures 
mist be observed;. ' 



10. Measurement and Critique 



12 
••(10/2) 



_Coluna 1 Reference SIS Reference - 
■9a 3a, 3b, 23a(I0) 

Instructional: Materials 



Sheet 



3ABR53I3I-SG-509,. Butt; joints of Titanium and Titanium 
Modern Mdlng (Chapter 24} 

Aidla yisual Aids ! 
Fib: FLC S/60, How to Keld litanium 

Training Equlptnent _________ 

Inert Gas Shielded Ifelding Station Co^lete (1) 

Rectangular Dri Bel. Bubble. (2) 

Cleaning Equipment (12ljS? 

Toolkit (1) '/^-^ . . . 

Training Methods . . . 

Dlscussl(m/Deionstration (2 hrs) 
Performance (8 hrs).._ . . 
Outside Assignment 1(2 hrs} 

Instructional Envlronient/Deislgc 
Classroom (1.5_hrs) 

Laboratory (8;5 hrs) ' . , ' 

Instructional Guld^ce 

Emphasize welding safe^ and veldliig requlreosnts applicable to- tltanliim 
and titaniim alleys. Make outside asslgtiistit to read 3ABRS3131-SG-60i. 
Ad^nlster appraisal test upon completibn of chis asslgnmentv 
Ii^tructors vill'deionstnte tislng the open welding jig and the 
rectangular Ifri Bel bubble when welding titanium butt Joints, Each 
studbt will complete -butt joints utilizing both sefcods. Instructor . 

will use MIL-HDBK-697(MR) j Titanium and Titanium Alloys, as an. ; 

additional reference. . B^h^lze conservation of cltanius and titanium^ 
alloy sheet and filler rod; . . 



PLANOFiNSTRuctidN NO. 3ifflR53i;!l 



DATE 23 September 1975 



BLOCK NO. V 



paj-nc. 41 



ATC 337A 



PRCyiOUS.IEDlTlONS oesoicTc. 



i(FuiolCopT-8«S-M104) 



(FM rrdbetfM to Mtd* •*< Ait IM 



■ PLANOFiNSTraS 


COURSE TlTce 

Metals Processing Specialist 


BLOCK titU . ' 

Pipe».Tublngi and Aircraft Exhaust and Jet E 


nglne Hot Section Repair ' - 


UNITS OF iNSTRUCTION AWOCW 


DURATION 
.(HOURS) 


■ SUPPORT MATERIALS AHO CUIOANCe 


L Joints of.teat.and Cbnoaibn Beslatanf 
^ Ferrous Alloy Pipe 

a. Given Inert gis aHlelded veldisg 
equipment. and heat jnd corrosion resistant 
ferrous alloy pipe speoa&nsi set up mi veld 
butt.jolnts with IdOZ penetration, free of 
overlap and undercut, for a total co&btned 
distance of no. less than 3/4 of the length 

of the veld. All shop safety, good housekaeptng, 
and fire prevention measures flnist be observed^ 

b. • Given Inert gas shielded veldlng 
equlpDcac and heat and corrosion resistant 
ferrous aHoy plpe.spedoens, set up and weld^ 
tee joints vlcb^ 30Z to 80Z penetration, free 
of overlap and undercut, for a _total_ combined 
distance of no less than 3/4 of' the length of 
the weld; M shop safety", good houselceeping^ 
and fire prevention measures inust be obiserved. . 


10 

(8/2) 

(5). 


Cbluffli 1 Reference STS-Reference - 
la 2h 3bi 27a 
lb 3a, 3b, 27a 

Instructional HateriaU 

3ABK33131-SG-601, Joints of Heat and Corrosion Resistant Ferrous Alloy 

70 00-25-224, Welding Hl^ Pressure and (^ongenlc System 

^dio visual- Aids ' : 

Chart: Pipe Heldliig - Relding Sequences 

Training Equlpoent . 

■Inert Cas.Shielded Welding Station Conplete ^1) 
Cleaning Equipnient (12) . 
Grinder (4l_ [ 
Povcr SaW (12) 

Toolkit (i) . . ' 
Trainlnj: Methods ..... 

DlsciASslbn/Dco^nstratlon (2 hrs) , . ' 
Pcrforaance (6 hrsj _ 
Dtttslde Assigoaent (2 hrs) 

Instrxtional Envtronpent/Desien 

ClassrooB (i*5_hrs) ' ' ' . 

Labdratb!y/(6.5 hrs) 

ii^tructidnal Cuidatice 

Emphasize veldlng safety and espl^n veldlng reqidreoents for heat M 
corrosion resistant ferrous alloy pipe. Me outside asslgnaetit to. read 
3SBRS3131-SG-602» Sdninlster appraisal test upon cospletlon of this 
.assignment. Caution students not to mark or vrlte on any training 
literature as it is to be relied by subsequent classes. Bsphasize 
cuttln;? and reus<r of pipe. 




8*^^ 23 September 1975 1 '''''''^ VI U^K^ . 



CNITS Of mimm ANO'CnrERtON OB^ECTtVES 



:(HOU«) 



Sii^^bi^tMAtKtALSANO 



.2.. Joints of lUxBsiM Alloy Fipt and lubing 

. h . Ciyen is«tt gtt.sMelded^veldhg 
eqdpKnt ssd alt^&g& iUojr plpi M tiding ' 
speciixns, set up and veldiutt joints vlth - 
1002 penetntton, £m of mttsf mi tmdercut^ 
fb: a toed coSined distance of ho Im than 
3/4 of tit Ifngj^ of thi veld. All shop 
safet7f good.kpusekaeplngi and fire prevention 
neasutes lust he Observed* 

b. Glyen Inert gii shlelded^velditng 
equipaeht and aluailnua alli^ pipe and tubing _ 
spsclss^; set ^ and weld tee joints with 30Z 
to 8DZ "peaetratdpn^ free p| overlap and 
undercut; ^for a total coiblned dlst^ci of 
no_le.8fl than 3/4 of the length of the. veld. 
All shop safety, gpod_hoi^ekeepln|) M 
fire prevention oeasures oust be observed* 



12 

(3/4) 
(4) 



(4) 



ColtaBr^l Reference SIS Reference 



2a 

2b 



■38, 3b, 27b 
3aj 3bi 27b 



instriictional 

3fflR53131-SG-602, Joints of Alundnuo Alloy Pipe 
TO 00-23-224 - . 

Audio Vlsuar Aids 



Chart: Pipe Helding - Voiding Sequences ' 
Training Equlpaent 

inert Gas SUelded Welding Station Con^lete (1} 
Pcver Sav (12) 
loollcit(l) . 
Qeaning EquipienE (12) 

Iralntttg-Methods _ _ 
Dlscussion/DcQonstration (2 hrs) 
Pcrfomnce (j Hrs) . 

Outside AssigOQ^t (4 hrs) . s 

InfltructionalJnvirottaeot/DcstBn 
ClassrooD^d.S M) 
Laboratory (6.5 hrs) : ^ 



Instructional Guidance 



Erohaslze (Elding safety and e^laiii veldi^ requireoenti for aliii^ 
pipe and tubing. Stress proper Jo&t set-up and welding current require- 
?^?t&* Make outside assigiient to read 3AB^3131-SG^03. lAdoinlster 
appraisal test upon co^ledon of Ehls asslpent. EDphislze cutting 
and reuse of alucdnui alloy pipe and tiibing. 



PUMQFW5T>Uffta< N0. 3itBR53i3i 



23 SepieBi«rl975 



BLOCK NO. 71 



nCEHO. 44 



FRir ^ 



^KCviouseomoNS'oosoccrr. 



. ■■ Pt«<bMOTCtidN(C»iitM 


UNITS Cr INSTRUCTION AND CrItERION OBJECTIVES 

i 


;/HCUW N 

i 


SUPI>OII*M«T!iii»tS«NSOUlbANCE 

^ j 


3. Butt Pitches on Jet EngiDe Hot Section 

mti 

• a; VltHottt tiferiDce. state rhe 
foactlotts of jet ^oe hot section parti 
♦iith 752 iccuracjr* 

1). Gtrtn T0| identify location and . 
service rcqulreaents pertaining to Jet engine 
hot section parts without error » 

c» Given techtical erders, select 
cleaning ne thcds , _ repair . procedures , and 
techniques for veld repair without error. 

. a. Given itiert gas shielded veiding 
equipment and jet engine hot section parts, 
set up and iiiaRe biitt pitch «eld rep^rs vtth 
mX penetratloni free of overlap and under- 
cut, for a total cbiiibined distance of no less 
than 3/4 of the length of the weld excluding 
the 1/2 inch at the start and fldsh. ai 
shop safe.ty, good ho»iseIce:pingi and fire 
prevention ncasures oust be observed* 

. . . . . ^' 

* • - 


22 
■ (18/4) 

(1) 
(.5) 
(1.5) 
(15) 

* 


Coim 1 Reference STS Reference 

3b ; 25b.. 
3c 3a, 3b. 25c 

3iiBR53l"3i-SW93, Butt Patches on Jet Enginejot Section Parts 
TO y-l-13>_ Tifrbbjet Siiglacs or Cas Tiirbl^ 
TO 2J-6 Series, Field llalotciunce instructions 

Training Eiotpaent .... 

inert Gas Shielded Heldiiig Station Cof lete (1) 
PnefflBtic Grinder (1) 
•Toolkit (]) 

Trainer : • 3215 Jet Engine Repair (12) 
Selected CondeKsied/Dcfective Psrtfs) (1) 
Cleanins Eqotpinent (i) 

Training Method? . . 
Discus^ioa/Deoonatration (2 brs) 

Perforsance (16 hra) . . • 
Outside AasigDoent (4 hrs) 

Instructional Environaent/Daalgn 

Classroom (1.5 hrs) . ; _ 
Laboratory (16.5 hrs) - 

Bfipliasl7^ weidlcg safety applicable to hot section repair. Rave each 
student respond to all vrittch iteas in the lesson. Mt outside 
asslgnignt to read 3ABR53i3i-SG-604. Adilnlster appraisal test upon 
conpietioQ of this assisnoent. Erphaslie conservation of butt patch 
Biaterlal; . \ 


PiP^ iHr«?CTioN N0.3ABR53131 . 


:ate 23 Scpieisber iS75 | block no. VI page nc. 45 



:RIC 

™ 34 













- 


PtAHOFIKSTRUenOH(CMtM 




UNITS W INSIRUCTtON AND CRtm.ON OB^EC TivES 

i 


- (HOURS) 


:PPOIITMlTEi!tXaWOC0IO«Na 

3 


i, FiUec-Fitches on Jet Eiigiiie Hot Sectlbii 


16 


Colm I Reference SIS Reference 


1 


Parts . 




48 3a, 3b, 2Sc 


« 


1. Given' iaert gas shielded veldiag 
equipoent «sd jet engine hot section' ^arts, 




p_ 

Instructional Materials 

3SBR53131-SC-604, Fillet Patches on Jet Engl 


ne Rot Section Parts 


set op md ndce fillet patdi vdd npairs . 
free o£ excessive penetration, overlap, and 
oidercut, for i total co^lned distmce of. 
no less than 3/4 of tjie length of tlie veld, 




T0 2J-H3 
TO 2J-« Serie5 

Ttdijii^— 5fl uiaa^tit- 




excludilg Che 1/2 in^ at t&i start and 
finish. All shop safety^ good housekeeping, 
and ftre prevention assutes ssst be observed. 




Inert Gas Shielded Heldlns Station^ Co^lete (i) 

Pacumtlc Crludet' (1) 

Toolkit (1) ' 

Trainer: 3215 Jet Engine Repair (12) 

Selected Condenaed/Sefective Part(s) il) 

Cleaning Eqiiipsiant (12) 


- \ 




Disccssion/Desionstratioa (2 hn) 
Perforwncc (10 hrs) 
Oatslde Assigosent (4 hra) 


« 

* 


• 




Instmctional EnvironoeDt/DolKn . 
Claisrooa (1,5 hrs) 
Labontoxy (10.5 hrs) 








Inscfuccloiisl Oaldasa . ; 

EotphsDize welding safety .applicable to hot joctin repair, Hslce ostside 
asslpsest to read 3ABSS3l^-5G-60S. A^nister ippraiiil fbc upon 
coiplecibn of this ttsigbnnt. fophasize coiisemtibn of fillet patch 
oaierial; 










>i,ANor»r«)atoNNO. 32EK53131 . 


DATE 23 Septeober 1975 {block no. n 


'mm 4S 



UNlU OF iNStKaCTtOH AND Wim OSJECIl^U 



DURATION 



M^POITMATERtAUANOCgiDAN;; 



S. Rcdprouclng Engine Exhaust Kuifold 
Repair 

it. tecfelc^ ordera, aeJect 
dea^ngnethods,. repair procedans a&d 
techniques Tor veld repair without error. 

h.. Clmt list of MterlalBj select, , 
tnterlals required for repair of reciprocstlng 
engine exhaust oaolf old parts and asscnhllea 
vlth 7SZ iccuricy. 

c. Clven Inert gas shielded welding 
eqoipaentU(l reciprocating e^^ 
std Dsilfold assesblles, set op and s^a veld 
repairs free of excessive penetration, overlapi 
Aiid undercut; for a total coBiblned distance of 
no less than 3/^ of the length of the veld, 
excluding the first 1/2 Inch start and the 
last i/2 inch finish. Ail shop safety^ good ' 
housekeepliigi and fire prevention ieasures oust 
'je observed. 



..1. 
(5/2) 



Colum 1 



Sa 
Sb 
5c 



STS Reference 

m 

25d 

3a, 3b, 25e 



Instructibaal H at e rlals ' - 

3ABRS313i-SW05, Reciprocating Engine Sxhsat Infold itepai: 
Id m Series, Engine Exhnust Assei>ly Systesa 

Audio VlsMl Aids * 



Chart: Vsjm for i Butt Pitch oil Edge of Exhaust Stack Systeh 
Tralnlog EqulpBent 

•ocrt.Gas Shielded Welding Station Cb^>lcte (1) 
Sandblast ilachlne (12 j 
Power Shears (5) _ , 

Slip Rolls (12) ; k 
Buffer and Polishing )iachine (4) 
Throatless Shears (6) 

fork Bench (4) : ; 

Toolkit (1) 

Selectcd/Condesned Defective ?art(sj (1) ; 

Training Hethods 
Mscusslon/DeDonSEtatlon (2 hrs) 
?erfoniaace (4 hrs) 
Outside Asslpent (2 hrs) 

lA&tructibu^ Ehvirbiuiea 



ClassrooQ (l,5_hrs}. 
laboratory (4.5 hrs) 

Instructional Guidanc e 



gBphasizc welding safety and looltor aH stodents durt^ deasl&g mi 
preparation of parts for welding. '"Have each student respond to the 
■written Item in the. lesson. Hake outside assigattiit to read 3ffiR53131-V 
SG-606 and Modem Welding (Chapter 18). Adolnlster appraisal test upon " 
cos^iletion of this asslgnoent. ^haslze conservation of cleaning 
aiaterlals. shielding gas, and filler rod. 



PLANonN$T»ucTiONNO, 3A3R53131 



SATE 23 Septeabsr 1975 



BLOCK so. 'VI 



pictNC. 47 



ITC 337A 



PllCVI0UH0lTteHt<«SO(<CTe,.. 

tu.s,«roi itri-7'Mei/iM 



ERIC 



38 



•39 




6y^|Heldl|2^ Steel Tubular 

s. oate^^ tools,' and. xe^died 
^tdpnent^- 1^ otf ad firicate^tubul^ ; - . 
joists aad ssaiblles vt^out error. 

" \ b^. ' .Gtm ozyacetylene vtldlng_eqidpiDent 
and tubular special; J^^ v^d tubular 
joists free of ocesaive penetration, .overlap, 
and undercut for a total coi^iaed distance of 
tlita 3/4 of/^ lens^, of the veld. ' 



pirevestios iiKaaure i^^^ observed. 





8. • Miuurntse and Critiqw ' ; j - . : : 



mum 

, (HODRSl 



8 

(6/2) 



SUPPORT MATERIALS ANP CUiPAHCE 



3 



Coluna I Reference T' i SIS teference . - v;'' • ^^ \', - 

Mtrlictloaal Materials ' , j . ■ ' _ ^ • 

.3ABR33131-SG-GQ6,_ yelding_CarboQ and AII07 Steel Tubular Assibllo; 
' Modern Mdlng (Chapter 18).^^^^^^^ . '! 

Audio Visual jilds . ''f'^ w.;. : " \ ■. 

Oiarts: Tubular ■Asscnblles - ' - ^ - ' 



. Iralnini;.Equi^t ' _ ' . _ - _ -i:: ;- 
^O^acetylene Reldlng Station Cplete (1) 
Trainer: 3216 Steel Tubing Veld (12) 
TbolHt(l) ■ 'V^- 

Training Methods _ 
'Diacussion/Deooostratlon (I br) 
Perfonmce (5 brs) ' .. 

Outside Asslgmaent (2 hrs) 

^hstructional 



Classfooa (.5 te) 
Laboratory -.<5.5 hrs) ; " - . 

Instructlwl Guidance "' v'_ _ _ . 
^baslze welding saf^ applicable to fabrication and welding of 
tiular joints. Rave student read 3ABR53131-S(r7()L Eophasize 
cbosemtlbji of ox^acetyleiie wd^^ gases and filler rod. Use 
TO 1-iA-l as an ad^tional reference. 



0*TE 



23 Sept enbe r W 5- 



-71- 



PACEHO*43 





i 




C RlfERlON 03J ECTt VES AMD t£ACMtNG STE PS_ 



1. 3ABR53131-SG-501 . 

2. Modern Welding 
(Chapters ii & 12) 

3. TO 34W4-41-i . 

4; rilm: PLC 9-233 . 
Industrial Gases and 
Shielded Arc Welding 
5. Charts: ARC Weldix 
Machine Controls 



a. Without reference, select, principles and operatibh of inert gas shielded 
: welding equipment with 75Z accuracy, 

C _ _j, ■_ ^ _ 

Given inert gas shielded welding machine^ set up and make correct apparatus 
' . setting lAW TO 34W4-4i-l. 



• Teaching steps are. listed in Part II. 



INTRODUCTION 



Time : 10 miri 



rS Attention: 



L Review: " - 

h Overview: Students will at the cbippletibh of this lesson , Understand the. 
principles of inert gas shielded welding and operation of various types of 
cqiifpnient. 

i. Motivation : 



BODY 



Presentation: 

[Refer to objectives 

I. Principjes of inert gas^ shielded 
weldingand operation oT various 
types of equipment. 

a.. Tungsten Inert Gas: 

' V* Inert Gas Shielded Welding 

/ (a) Process which utilizes an 

inert gas to protect "the 
weld zone from atmospheric 
oxidation which contaminates 
the. weld. 



I ime : min 
I 



SHOW FitM Fbe 9-233' 
( Indus tr? at Gases and 
Shielded Arc Welding) 



(b) Inert gas is a" 

odorless, nontoxic and 
nonflammable gas chem- • 
icaliy inactive and one 
' which wiVl not combine with 
• ^ ^hy other elernent. 

(2) Source of Power iy-.. — 



(ci) Current may be suppi led 
through either aVweldHng 
generator I DC or AC . 



(b) Unit should have current 
control at the lower entf of 
, its cur rent range. 



is used ±n some machines to 
peimit startli^ the atc. 
'without touching the 
electrode to the wbrk* 



(3).. Welding Cur rerit 

(a): Di rect current straight 
polar? ty 

1 Electrode made negative 



5/ 



2- This current gives a deep 
narrow. we-id because heat 
is concentrated of work' 
piece. • :^ 

3^ tess chance of arc blow. 

Used when >/e1 ding stain- 
less steely copper or 
brasses. 

(b) Direct current reverse polarity 

. T' Electrode made positive 
and the^wbrk negative ' 

2_ This current gives a wide 
shallow weld Because 
electrode consumes most of 
the heat. 

3^ -A larger diameter electrode 
should be used, since it 
absorbs a large amount of 
heat^ to help jDrbtect it 
from burning off and also 
contamination. \- 

• _ x>- - " - - _ _ _ _ 

ji_ Can b« used for magnesiuiti 

(c) Alternating Current 

4^ Combination of DCSP and 
DCRP 



2^ 



y to prevent this from 
pccu f r i ng ^ upe r 1 mpos ed 
^ .high frequency is used. - 

• -a^ With 60 cycles alternating 

: current there sre 120 

• changes of current flow 

direction per seconri 



With superimposed AC there 
are 120^000 changes of 
^4 ir rent flow pe r — s^con3- 



^ Advantages of AC 

3^ Arc may be started wi th- 
ou t touching electrode 
to work 

b Longer ^rc is possible 

** ^ • 

Electrodes have longer 
• life 



5 Metal s which give excellent 
results are magnesiurn and 

mag. castings, aluminum arid 

alum, castings 

14} Shielding Gas 

^ (a) General triformatibri ^ 

^ ^ I Argon, helium or a mix- 
ture of the two are _ 
gerieral ly preferred for 
use as shieldirig gas 

, : 1^ Many Other gases and gas 

mixtufcs have been tried 
* biit for general use all 
hav^ been found to have 
. ' markec^ def iciericies such 

as .r^rd electrode deter- 
ioration rpbrbsi ty in welds 
ior^arc stabi 1 1 ty : 

3 Some have -been found useful 
for certairi purp^^^ 
react i;ve gas ri i trbgeri cari 
. . be used as tfie shieldiri'g 



(bf Argon 



-J- Used more extensively 
because it is cheaper 

2_ Cylinder markings are gray 
with a white horizontal band 

3_ Wonferrous metals, such 
• ~~ - as aluminum and magnesium 
are *;se^ to impur'- 

_ ' ities arid affe best weldei 

"i^, . with high- purity gas, pro- 
ducing excel lent welding 
results." Argon and helium 
gases which are coniTier'^ - 
cially available from most 
sources are of high purity . 
and average well over 99. 
r . 35% pure : 

Argon is .generally used for all 
alternatirig current welding 
appi! cations, such as aluminum, 
^ ^magnesium or- copper 

5^ The tehdehcy bf burn 
through is less with 
argon, therefore it is 
good for welding thin 
gauge, mate rial 

{c\ Helium 

1_ High are voltage and 
■power are desirabre 
for welding thick mat- 
er ial arid metals v;i th 
- high heat conductivity 
therefore, helium is 
used- in' thesa applications 
because bf its higher arc 
voltage characteristics 

2 Hcjium usually used 
with DC welding machines, 
using DCSP 

3^ Helium is used lb weld 
magriesium using DCRP 



(5) Regal ator Floi^eter 

(a) Steps doi/n the high pres- 
sure ii^ the cylinder or 
mahifbld cyliriderSi to a 
lower working pressure 

(b) The lower pressure is re- 
ceived by the flow meter, 
the required gas flow to 

tus is control led 



by the ainoant of manual ad-^ 
justment of the throttle 
valve 

(c) This flow IS indicated on 
the flowmeter tube arid is 
controlled by the manual 
adjustment of the throttle 
valve " 



(6) torches 



•ia) Two types are air-cooled 
and water-cooled 

i Air cooled is excellent 
• for repairing this gauge 
• material 

a it can operate cbntin- 
UQUsiy on AC or DC up 
to 100 amps 



2^ Water cooled [s desi^ 
to operate' higher current 
ratings above 100 amps tp 
300 amps 

k- Water, requirements are 
from one to two pints 
per minute 

A special fuse of ^5 amps 
is Sristailcd in the power 
lead line to the torch to 
protect the ^ equipmerit from 
overheating in case of water 
stoppage 
> ■ ' . 

c Wat cr_stci:^^> ge-roay rer. 



suit troni ari accumulation 
^ . . , of dl rt fri the smal i pass* 

^ 0 ■ i. ages oF thc--torc6 - 



De. corrccxeo py gib- 
^^necting the water 
lines arid jcversing tRe 
fVcM of water 

three basic parts of the , - 
torch are colletj cup and 
electrode 

1^ eollet IS ased to hold 
• the electrode in place 

i E^l¥btrb^^ used far gas 
shielded welding are: 

^ ConiTieTcially pure 
tungsten 

1^ Thbriated 

c- 2? Thbriated 

' Zirtung 

3 Thbriated tutigsten elec- 
trodes are superlbr to 
pure tungsten because of 
their higher electron flow, 
better arc starting and 
Stabi.j I ty and they are 
less likely to become 
cbhtaini hated 

Tungs-ten electrodes that 
becbnie cprttaminated should 
be ground bff or break off 
contarniriated end with pliers 

5 Tungsten electrodes may be 
identified by color markings ' 
on "either the box or the 
electrode itsel f 

a_ Green l^o re tungsten 

Yellow - ]% Thoriated 

c Red - 2% Thbriated 

i Brown - Zirtung 



6 
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(7) Safety 



(a) Wear gloves When asing AC 
high frequency 

(b) Proper ^hade lens 

(c) Shut of f machines and 
gases whcsn not in use 



Appl icat ion 



Ir Student 1 1 set up and make apparatus 
: settings wi choat error wi th instructor 
assistance 

Lvaluatioh: - 

I. Student wM 1. answer 75^ of the foi lowing 
questions correctly 




eOfiCLUSIOM ' : Time: 1-10 m:n 

1; Summary * 

a. Review pffnciples of Inert Gas Shielded 
Welding Operation 



ingMor 



Advantage of gas shielded welding 
various types of metal 

l _ . 

SefTup^ahd adjust apparatus for heat and 
yt^rro ferrous alloys 

2; Rembtivation 

3. Assighmeht Nc)ht&^ 



COHn-.Jt MilMcil M 



_ntocK ntiMnrt« 
V 



Metals Processing, Spec±^±st 



ni or.K tiui: , infert Gas Shielded _Welding of High 
- ■■■ ■> ^rf ormance .Mrcraft 



. Jdii^s of He^t and Corrosion Resis^mt Ferrous Al loys 



.1 f swiri fniK \noM 



ctAwMboM/ xaboratbry* ^' f Compleitteatary ' 
Dsn 2.5 hrs/Per£ 21.5 nra 6 hra 



30 hrs 
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Cbnq)lete 
Power Shears ' ' 



Trainer: -Tungsten 

in^§^eas (TiG) 
Shielded Welding 
Specimens, 4404 



Consoiidatcd Toolkit 
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2. Modem Welding. 
(Chapter 18) 



CRHE-RION OnjtCMVES AND 7 T ACHING ST TPS 



Given inert gas shielded welding equipment ^d heat and corrbsibh resistant ^ 
ferrous alloy specimens^ set up and weld edge joints, free of undercut and 
overlap for a total combined distance of no less than 3/4 of the length of the 
'specimen, excluding the first 1/2 Indi start and the last 1/2: inch ffaish. Ail 
shop safety i good housekeeping and fire prevention measures must be observed; 



Given inert gas shielded veiding equipment and heat and cbrrbsion resistant 
ferrous alloy specimens, set up and weld lap joints, free of excessive penetration^ 
undercut^ and bverlap f br a tbtal cbniined distance of no less than 3/4 of the 
' engti of She' specimen, r©cd.u the first 1/2 inch. start and tiie last 1/2 inch 
finish. Alt shop safety,* good housekeeping and fire* prevent ibn measures must be 
bbserved. >*_-/nna>^Cr:G^ ^'-^^ .Ci :•n^V•-:^••- 



Given inert gas shielded, welding equipment and heat and corrosion resistant 
ferrous ailby s pecimens^ set up and weld bu tt joint s^gith 100% penetr a tibn^jree-- 
of undercut and ove^^, fbr a total cbtfl>lhed_dist|mce^ no less tham 3/4 of the 
length of the specimen excluding the first 1/2 inch start and the last d/2^±nch 



^1 



finish, ftn shop safety, good faous^eepingi and fire prevention measures 
mist be observed. ; . 

• d. Given inert gas shielded welding equipment and heat and corrosion resistant 
ferrous alloy specimens^ setup and weld- tee and corner 3oints, free of 
excessive p^etratibn^ overlap and undercut for a total combined distance 
no less San 3/4 of the length of the speclaaen^ excluding the first 1/2 
start Se last 1/2 inch finish. All shop safe^^ good housekeeping 
fire prevention measures must^ be observed. 



Teaching steps are listed in Part II, 



V . INTRODUCTION Time: lOmih- 

ir Attehtibn: 

2. Review: In the last Icsjon you learned the principles of Inert Gas Shielded 
Welding arid Operation, of various types of equipment. 



0 ve rv i ew : _ ^ t_the_qpmpX^^ 

~ weld butt, lap, tee, corner and edge joints in heat arid 

^corrosidri resistarit ferrous alloys. 

Hotivatiori : • ' 



BODY 



Time: 19 brs 40 min 



PRESENTATION: 

(Refer to objectives 2a, b. 



2c 



.K Corrosion Resistaot Steel 

______ J 

a. Genera'l Information ^ 



(1) The coefficient of exparisiori 
for stairiless stbel is greater 
than carbon steel 



(a) 



To resist the tendency of 
warpage during weldiiig, 
jbirit edges must be cor- 
rectJy aligned and pro- 
perly tacked 



(2) Carbide precipitation is ari- 
other impbrtarit factbr tb . 
. consider when welding stainless 
s tecl 



(a) This effect is, less wheri 
using the ir^rt gas method 
because the heat is concen- 
trated to a smaller area 



(b) 



_^ ; . (c) This means you shpuld Use 
* • . " * a smaller electrode^ higher 

ampera9e>and a faster 

welding speed 

/ _ 

(3) Weld back up 

(a) On .1 ight- gauge matepit^ ^ 
Backing/is usual l_^_usedi^ 

> 7 to protect the .onders l.de 

i . of the weld f roiji atrodi--V ' . 

pheric. cpdtamiriatibh re-* 
* . suiting in possible, weld j 

• porosity or poor surface 

* ' appearance . : ' , 

. (b) Weld back up on heavier 

. material prevents the we?d 
from melting through exd^Sr^ 
: sively by' pondoct jng some of 

. . the heat away'frt>m the joint 
- ' edges - 

- -. , , ' - . ■ 

-^(c)' Flat metal backup, plates 
: may be used only on flange 

type joints . ^ 

(d^ Explain the groove in the 
backup piates 

.2. Weld edge' joints of heat and corrosion 

resistant ferrpus i^iloys to rtodem Welding 
Handbook sc^ificatiohs. 

ar Welding Edge Joints 

. (l) 0ne of the edsle^t joints 
j* to weld 

;'(2) Edge joints are used priniari 1^ 
oh 1 1 ght gauge material, whgre 
/ there isHttle or no ii^rcct 

i tensloit or fcendt-iig stresses 

apl>licd on the finished weld 

' (3) Us i hf meta 1 up , ho 

. fitler rod is required 



necessary vihen not 
using f i 1 ler rod 
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3;: Weld butt joints of heat and corrosion 
• Hanobobk spieci fica .' 

; ^'ai fiutt Joints 
'••■.** 

(i J^ Batti joints aVe easy joints to 
. ' ' p=repare and can be welded with . . 
' _ or withbyt fiTler rod material , 
"depehdlhg bh the thickness of 

- -the metal . , / ' : * 

' • • • . ' , , * ' J. 

(a) Metal up to .030 can be 
wqided without filler rod 

^ . . (2)-^ Jdint fi t-up fbr a square edge . * 

. : - but t -joi ht^shbul d always be* true 

enough to permit 100!S penetration . \ 
^ with good fusion "* 

' ' (a) ;^n metal up to .030^ ho ^ . 

* • spacing - is 'necessary ; - - 

• • (3) > :?feta1 pr,0paration and -set up 

•■* - ■ _ _ •_ _ ' ^ . ■* 

: ' (a) Metal shbul.d^ always :be 

- • f ree of bu r rs . 

- . - (b) :>Jb.int edges must 'be. cleaned : • - 

of all foreign material ' . 

(c) Fixtures are used' for metal . " ^ • 

: ai ignnjcnt, but the main ^ ^ ' ^ 

. ' . ' purpose is to- dissipate . ^ - - 

" , - ^ excess heat . ' , T •. '^''^ 

_ - _ _ _ ^ _ _' ~ ~ ' ' ' _ 

*. (d) For butt joints of a thick-. . , 

' ' ness >greater than .030 inch 

the work should be. set up 

wr-th the .edges spaced very ' ^ : 

\ • - slightly' ^ ^ • ^ 

(c) When wcldihg butt jbints 
'' s " outside of -a. fixture, -the , ^ 

• • joint edges should bc.al-igned ^ ' 
pdrallel, spaced apjDrbximately 

- the thickness bf the metal 

- {k) Machine setting and equipment 
adjustment . 

(a) eurreht - DG straiglit - 
' - -.• polari ty . 



ib)' Kri^bn flow-- i|-6 liters 
(15-20 PS!) 

..(c) Electrode - Throiated 
tungsten 

(d) Electrode sHoUl d exterid 
- 1/A to 5/16'' beyond the 
edge of the _c,ap 

(c) WaUr flow - 1-2 pints 
, per fni riute ; . 

(5)* Welding App li cation ' 

(a) If electrode becomes contam- 
inated strike the arc on a 
pi ece o f " coppe r p 1 ete on t i 1 - 
th^ erratic tendency of the 
arc smooths but. If this 

• ^ does: not wbrfe,' grind the 
: - contamination off on,t,he 

grinder 

"(b) Use the foot cbhtrbl to adjust 
' " the arc to desired heat required 

- ' (c) Travel should be the fcre-hand - 
metfod adding" filler rod to the 
forward edge bf the mol ten pool 
as^, you travel along . 

(<J) * Wlien terminating the weld the - 
: • foot con trbl shoul d be svjuag 
tb the low posit ion/ the arc 
^ broken^, arid the'shiel ding gas 

«al lowed to' fibv/ oyer the weld 
area until it has cbbl.ed ■ 

• (e) In crrder to prevent overlap' 

when restarting s weld, the 
:. arc is struck approximately 
' \/¥^ ahead of the terminated 
weld and then moved back tb 
the end of the weld so as ^b 
bring it to the molten state 
before adding- f 1 1 ler rod 

(f) Weld speci f icat[bris are: 
Bead width - 2 to^3 T 
* Penetration - tQQ% 

Rei-O'forcement - S to 30% 



(6) Defects to be avoided 

(a) tJnderctit caused by poor 
set up, itnprdper backing 
or excessive heat 

- (b) Overlap caused by insuf- 
ficient heat or adding 
too much filler rod 



(c) Too x«d.de a bead caused - 
by. traveling 'too slow 

Id) InsuEficient penetration 
. caused by inadequate 
spacing of the pieces prior 
to, welding or _ insufficient 
heat of traveling too fast-- 

(e)- Smoky oxidized appearance 
caused by insufficient flow 
of shielding gas or improper 



Weld lap joints of heat and corrosion 
resistant ferrous alloys to Modern 
Welding. Handbdbk specifications 

a. Lap joints are used to join 

two overlapping sheet, can also 
' be used where you have poor fitup 

^Ji. :__ ^ 

^^ee t3rpes'of lap Joints 
..(1) Doubled^ - 

(2) Single 

(3) Joggled ' ^ ^ 



d. 



Doubled wieddng of lap joints is 
the strongest 

Single welded lap joints are. usually 
sufficient for most applications, but 
a ^single we^ sheets . 

metal will not develop the full 
strength of the base metal 

Stainless steel lap welds made 
by the heli arc process in light 
gauge metals up to .060 can be 
set up and welded without filler 
rod 

(i) The^electrbde is so directed 
as to melt the upper edge of. 
t±e joint, giving a ^s^ 
. slightly convex weld 
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tl) Pieces to be jrap welded should 
be sheared leaving a square 
edge free of bxirrs and varpage 

(2) Joint edges iast be thrbu^y: _ 
cleaned of ^1 foreign mateiral 

No fluxing is itecessary 

gi Macfi:tee and equipment adjustmaits 
are the same as the; butt ;3oint 

h. Weiding ^plication 

" (15 Use fdjrehand method melting 
- . baclc about 1 to 2 T of the 
top- plate 



33 



i. Weld specifications 

(1) Bead width - 2 to 3 T 

— —-^ — rrppW^g^'-equals 1 r 



(3) tower Leg - equals 1 1/2 T 

. (4) Penetration - 25 to 80% 

J. Defects to -avoid 

(15 ttedercut 

(2) Too wide a bead 

(35 Eiccessive Burning back 
of the top plate 



(45 ' Smol^ oxidized weld ^ 
"(55 Excessive ^penettation 
k. ^ inspection ^Visual5 ^ 

^i5 . Reinforcement should' not 

extend above the thickness ■ 
of the upper sheet 

(25 The cphtbur^^pf the bead 
should be slightly convex 

(35 ^e ^irface appearance should 
be from ^ dark bronze to a 
light purple 
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si WeM±ng HixaBobTc .Speid^ 

a, * Tee joints are frequently inade to 
' Join sheets , of tmequal thickness 

h. Tee joints ere nade to join plates^ 

' ^' at apprbximateiy 90 degrees of each other 

c.* Specif icatibns for tee joint 

(1) tegs'- i 1/2 T . 

(2) Penetration - 25 to 85% 

(3) Bead width - 2 to 3 T 

(4) Bead 8hbtild_be slightly 
concave to «c6iiv€ac 

; d. Ifechlne setting and equipment 

(1) DCSP 

(2) Water flow is from i to 2 
i pints per ^minute 

(3) Argon flow shbuld be about 
15 to 20 psi 

e. Welding application 

,.(15 Strike and adjust arc on the 
, * copper plate 

- (2) Hold torch to bisect the angle ' 
^as near to perpendicular to the 

— ==axis of tl^ weld aa^ . 

(35 Add the filler rod at the 
' root of the joint and for- 
' edge of the mc" ten pool ^ 

(4) Let the Inert gas. cool the 
weld when the weld is 

t eliminated 

fi Defects- 

(i) Und^cut 
- (2) Too little filler rbd^ : 
(3) Wrong torch angle 
* gi ehafkcteristics of good welds 
(1) N6 overlaip or undercut 



(1) Used laSttay on boxes, , 
frames^ etc. 

(2) Specifications : ' 

(a) Legs are equal to f 

(b5 Throat equal to T 

(c3 Penetration - 100% ^ 

(3) Ifachine setting ^'^ 

(a) DCSP 

(b) Argon flow should 6e 
■ is « tc 20 psi 

— <e)--iteteY-^r6^ to 2 pints 

per 'minute 

. (4) Welding applications 

(a) Torch angle 75 to 96% 

(b) Strike arc and stabilize on 
copper plate ' 

(c) ^. Allow shielding gas to fxow 

over te rmin at^ed weld 

^5) Defects to avoid - ' 
\a7 Underctxt 

(b) ijverl^ ^ - 

Cc) Excessive praetration 

(d) Wrong torch angle 

i. Uttiir a health and saf ety equipaisat 

(1) Ifechii^ery guards 

(2) Proper eye protection 

C3) Protective clothing (gibyes*, etc*) 



ii Stud^s will perform' the 
fbiio^^sg: : 

a. - Prep^ation of metal 

" h. Set up of joint 

c. Weia Edge joint 



llquipment used ire lesson >_Inert Gas Shielded 
Welding Statlbn Cbmpiete Power Shears. . 

3fe 



4; Observe all safety _ 

during the accbiq)li8hment 
the project 



of 



1. Stud^ \dil be checked for 
proper welding techniques in 
welding edge joints 

2. Assistance will be given ^en 
necessary ^ 



Summary: 



CTT 

Assignment-POI Objective 26 
POI Tiiise 2 hours 



BSD OF DAY STH^ISKY ^ 1 

1^ Preparation of material 

2. Set up^ of edge joint and 
lap joint 

3. Setting and adjustment of 
equipment 

.4. Weld back lips 

^ 5. 



1 , Read 3ifflR53131-SG^502 and _ 
answer questions at end of 
chapter. 



' INTRODUCTION TO NEW DAY INSTRUeTlON Day 2 

1. Renbtivation 

2. Review Evaluate" CTT Assignment & Critique Hissed Items 

a. Preparation of n^tal . 

b. . Set up of edge and lap joint 

c. Setting up- and adjixstment of equipment 

d. Back ups 

e. Techniques of welding edge and lap joint 



Study Guide 502 



so 



ERIC 



3; 'Overview: TI*iaifig Joints of Heit & Corrosion Seslataht Ferrous Alloys 



3^ 



Appllcatldti: Objefcttvcs 2ai ^ 

li Student 8 will perform the foiibwing: 

Preparation of metal 

Set up of jod&t - 

c' edge, lap and butt joints 

d. Observe all safety precaution . 
during the accbiq>ll8hment of 
project: * 

Evaiuatidn: ^ . 

1 • Student wlii be checked for , 

proper ^ gldlng techniques in : — - 



welding butt joints 

2. ' Assistance will be given when 
necessary 



Smmosxy * 



Assigtment: 



Equipm^t used thrbughbut llssbn^ 
Inert Gas Shielded^eldihg Statibn. 
Complete Power Shears; , 



! « 



END OF DA? SmWftKJ DAY 2 ^ : 

1. Preparation of material 

\ _ . :_ 

2. Set up bf edge, iap and butt 
joint 

3. Setting and adjustment of 



4. Weld back ups 

— * I 

5. Safety! 

1. None ■ • V, 



INTRDDUCTlbN Tb NlW S^S INST^^ 

1, Renetivation , 

2. "Review . ; 

Types of butt joints 



DAY 3 



ERIC 



SI 



Ci Setting^ ixp anfl adjustment of equlpfflent 
d. Teclmiques in weldlig lap joints 
6. Safety 

Overview: Weldii« Butt joints of heat & Corrosion resist^t ferrous' alloys 
'Application: 



3S 



1. Student will perform the following: 

a. Preparation of metal ^ . 

b. Set up of joints 

c; Welding of hutt joints 

d. Observe all shop safety rules 

Bvaluatibn: . : ' 

1. Student will ^e checked for 
procedures and techniques in 
welding butt joints ^ 

2* Assristahce will be given ^en necessary 



Stunmary: 



CTT Assignment: .Poi Objective 2d 
i Poi Time 2 hrs. 



Equipment used: Inert Gas Shielded ; 
Welding Station Co^lete Power 
Shears. . • 



END OF DAY SDMIARY DAY 3 

!• Types of butt joints 

2; Preparation of metal : ' 

•3. Setting up and adjustment of 

equipment v- 

4. Techniques in welding butt joints 

5. Safety 

1. Read Modern Welding Handbook - 
Chapter 18 Para 18-1 Thru 18-19 



XNTRObUCTibN TO JEW DAY'S INSTRUCTION 



DAY . 4 



1; Remotivation 
2* Review 



a. Evaluate CTT Assignment & Critique missed items (Modern Welding Chap -18) 
b; Preparation of Material. 



EKLC 
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c. Set up tff Metal 

A, Weid tee.aad corner joints to Modern 

Welding Hanittbbk specif ieations - ■ , 

V e; bbsetve all shop safety practices . 

3.^ Ovetview: Welding Tee wd corner joints of heat and corrosion resistant ferrous 
alloys; - : ; 

Annlicatioxr- Sefer to initial application step page 6 i • : 

'^^ , ' . part II L/P for equipment used. Inert Gas Shielde 

i. Student ^11 perform the following: Welding Equipment Complete ,_Power Shears • 

_ ; • O ' ■ • - 

a. Preparation of metai ' " ' . - 

b- ' Set up of inetal 

c. Weld tee and corner joints tq Ifodem 

Weidtog Handbook specifications « 



Evaluation: 

1. Student will be checked for proper p^ 

and techniques for welding tee and corner 

joints of heat and corrosion resistant ferrous 
alloys. ^ 

2. Assistance will be given when necessary- 

; ^ ' " OF DAY SUMMARY : BAY 4 ^ 

^ " - .1, Types of tee and corner joints 

Sunnnary 5 . 

. , 2. Preparation of 'tn^tal 

3. Setting up and adjustment of 
- . , equipment 

4, Techniques in welding tee and 
' ^ ^ - corner joints 

. : : 5. Safety 



CTT Assigmnent: Pdi Objective - ^ 1. Read 3J^3131-SG^5^^^^ 

^ • poi Time 2 firs. . . V Answgr questions at end- of 

• u . ' ^ ' Ch&ptie^. 

- ■ - ; ■ ■ - ■ ' < - 

INraODUCTlbN TO NEW DAYS INSTRUCTION DAY 5 2 hours 

1, Remotivatibn 

2. Review- Evaluate CTT Assignrcnt and critique missed items 
a. Types of tee and comer joints 
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Prei^ration of inaterlal ^ _ " ^ 

Ci . Setting up and adjustment of equipmmt ' • 

a. Techniques in welding tee and corner joints 
Safety 

Appiicatibn: . . : • ^ . ^ ^ . 

i. Student tdil perform the following: ^ ^ - ' _^ - 

^ ^ : - Equipment used, iisirt gas, 

a. Reparation of metal shielded welding station 

complete, power shears 

b. Set up of metal 

Ci Weld tee and corner joints to Mbdem I 
• Welding Handbook specifications - . - * : , ' 

d. Observe aii shop safety practices : - 

-Evaluation: v 

1. Student will hp checked for proper procedure and ^ 
techniques for welding tee and corner joints 

of heat and corrosion resistant ferrous alloys. 

2. Assist^cc will be given when ^necessary. - 

CON^nSION Time: 10 Min; 



Summary: " * 

a.^ Set up of edge, butt j ia^, tee and 
corner joints of heat and corrosion 
• resistant ferrous alloys 



Se^^aratibn of metal for all joints 

c. Techniques for welding all joints 

d. - Shop safety procedures 

2i Assignment: None - ? 

3. Resaotivatibn: 

4. Closure. 



-iJay 5i 2 hrs.. 
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— - gd«iiPMEMt tbCA'TCb 
H^LAbbo ATOPY 



rouirMr.Mi^. 



1. Siert Gas Shielded 
Welding Statlen 
Go^lete 

2^^^ower Shears 



J. Consolidated J 
Tbolklt i 



ITbne 



• \''/r 



1. 3«R53i3i-Se-5e3 

2. Modem Welding 
iChapter 18) ' r 



I 




CRITERION QBJ^ C I I VES AMP 1FAC MINC > " ^ 



b. 



y. ■ 



Given inert gas shielded welding equipment and heat and cprrpsipn re&lstant J^-*; ' 
ferrous alloy specimen?^ met up and veld butt joints in the horizontal position ' 
with 100Z penetration, free of overlap and tmdercnit, for a total coznbined distance 
, of no less than 3/4 of length of the 8pecSm,_^cluding the first 1/2 in^ i 
start and the list 1/2 inch f in^fa«^ Ml shop safe^, good housekeeping and fire ; 
prevention measures must: be observed. '^-xv::. 

Given, inert gas shl^ded welding equipment and head and. corrdsidn resistant ^^^^^^^^ 
^ferrous. 111(^7 specis^ns,^ set up and weld btitt Joints in the vertical, position 
with 100% penetratibn,^ free of .overlap and undercut^ for a tbtal cbmbined. distance 
of no less than 3/4 of the length of the specimen, excluding the first 1/2 inch 
start anS the last 1/2 tech fteish. All shop, safety, good housekeeping and fire 
prevention measures must be observed. > 



. INTRODUCTION Tiitic: 10 Hih 

1. ' Attention: 

■ ' ' ' ' ■ / 4. 

2} Review:- Evaluate Clf assignment ttnd critique missed items, 

3. Overview: At the cbmpletibn of the lesson you will have. learned the 
pbsitibh welding of heat and cbrrdsiah resistant ferrous alldj's. 

A. Motivation: • 

' ' BODY Time: 5 Hrs 40 Min 

Preschtatibn; ' . 

(Refer to objectives 3a, B) ' 

1. ' Set up and make correct apparatus - ' 

settings for welding heat and cor- 

ro^ldn resistatit ferrous alloys " . ^ . ' 

Machine setting ; 

(1) Besf ^ * 

(2) tow range - 90% - 

(3) High frequency start 

(^5- Water flow - 1-2 pts per min : 

(5) Gas flow - 15-20'liter/min , ' 

bi- Metal set-up 

(1) Use back' up with fixtures 
- (5 cu ft/hr) . 

-(2) tack weld if fixtures are 
• not used • . 

(3) Metal (joint) must be at 
least a 75 degree angle 



4 



1 



;2. Positibri wclBirig oT htat and 
: cor rb$ I on res i s tan l fe i rous 
aJloys to Mbdern Wcldinj Hand- 
book spcci f feat ions. 

a. Vertical Butt Joint 

(1) Due to the force of gravity 
the begd has a tendency to 
fun down 

(2) Torch Sngle should be an arigle 
• . of degrees upward 



FTner rodTiWo'uTJTe^ added to 

forward leading edge of molten 
pool 

A downward flov/ will form a jood 

' 9^^^ blending into' 
the paren t metal 

* ' tSi proper heat control is very 
impbrtant to insure 100% 
pehe tr^ti,6n . 

b; Weld specifications 

— --tH~~Be ad .width - 2 tQ~5~T ~ 



(2) Beaa heigth - 5 to 30^ 
{'3) Pehe I rat i on - 100^ 

c. Defects to Avoid 

■ (I) Undercut' , . . 

: i2) ^^verlap 

(3) Too Mttle or too much penetration 

3. Pos ri ion -y/cld heat and cbrrosibn- resistant 
ferrous al Ibys (vert i cal and hbrizbhtal) 

a, Horizonlai weld butt joint : 

I (1) Gravity pulls themblteri 
pool dbwriwafd 

- it) Torch any lie should be as clbsc 

D\. to .90 degtees as possible • 



6? 




{3) : Filler rtid is added to f onward 
^ leading edge of mblteii pool 

.(A) 16d% penetration is necessary 

b. iteld specif icat ions are the same as 
' - vetHi^al butt joint - 

Practice sfibp safely 

tpplicatibn: . ' "~ " — . — — ^: Students wiii use equipment _ 

[Refer to objectives 3a, b) in, shop. Inert gas shielded 

/ . _ _ . welding, station complete, 

Itudeht will pcrfbxnn the following power shears 

•i Preparation of metal 

Set up of joint \ v 

L Weld butt joints of heat and .corrosion resistant . 
ferrous alloys in the vertical and horizontal 

positions - , 

dbsetve all safety precautions during the 
- accomplishment cf the project 

;valuatipn: 

Student will be checked for the proper 
procedures and techniques in welding butt 
jbints in the vetticai and horizontal 
pbsitibhs : 

!. Assistance will be given when necessary - ^ 

^unsnary: END OF DAY SUffi-IARY ©AY 5' 

I. . Prcpafatibn bf metal "-^ 

|. Set-up of joints to be welded " , 

■ ._ ' _ " " ^ 

t.-. Weld specifications ^ 

. Observe safety precautibns * 

tsi^ment: PGl jD^jective 4a, PGI Time 2 hrs. : . 

^ad 3ftBR53i3i-SG-5 : . 

lestions «t end; of chapter 



iNfRebuetieN te new day's instruction 

i. Remotivatidn 

.2_. Review : Evaluate CTT Assignment and Critque Sissed itims (SG _5Q4)^ 



a. Welding procedares for vertical 
and hori22ontal butt joints 

■ ^, " 

b. Practice shop safety 

'c. Check oh homework assigninent ^1 
Overview: Position welding butt joints (horizontal posi;tion) 



Application: • 

(Cdttt, Refer to objectives 3b 



1. Student will perform the fbilowing: 
a. Preparation of metal 
b; * Sgt up d£ joint 

c.- Weld butt joint in horizontal position 
- to specifications 

: *d. 'Observe ail safety precautions 

j 

Evaluation: 



1. Student will be checked for proper procedures 
and techniques in welding a horizontal butt 

.joint' \. '■ ' ' 

2. Assistance will be giv^n when -necessary 



• \ 



CONCLUSION 



1. Summary 



a.' Frcparntion of metal and material 

. : \ 

b: Set up of joint \ 

c. Weld specifications \ 

" " ■ \ * 

. d. Observe all safety precautions 



Students will use equipment 
inshop. Inert gas shielded 
welding station complete; 
power shears 



Time: 10 Miri 
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Jt 



BLOCK Tmi«- inert.Gas §klelded^Sfy.'ding-bf MM 



;=c^^y: Perf otaanee Aircraft Metals 



JpintiS-of AligidJiuto^ md^^A^imlttuni Plate I '^^^k^^^. 




.^0| ftCP gRgttC t 




Sep 1975 -'^^^a^^i^ ^: 




:2a 






ifay 1975 ^ v-^^ 




■J 



^7*?^r^ — - - .- ... — 

Inert. Gas Shielded 
g^J Welding Station 
^tf Cb^lete^ v..^^.-, 
5. ^ Power Shear 8 .^^^^v 

' Trainer 4404 ^ ' ; 
?^ |Tung8tbn inert (Sas 

I £TIG5 Shielded tfeiding 



'-PROM supny 



;H§; fibnsplidated 
Toolkit ' 



1. 3AMS3131-S(3-504 

2. Modern Welding 

^ ^5 (Chapter 18) v:^ 

3. Film: PLC 2360' 
• 'Welding 'r'vrWgg^ 

AliaminiJa 



'4 




a« Given inert gas sheilded welding equipment ^d aliirn-fmiTtt ^d a liiTninim alloy sheet^^^ 
^>:8pec3mens^ set up and weld 1^ joints^ free of excessive penetration, overlap, 
( and undercut, for a. total, co^ined distance of no less than 3/4 of the length of 

the specijaen, excluding the first. l/2:Mnch start and the last 1/2 inch finish. '^0^ 
/ , ^All shop safety^ good houseke epings and fire prevention ineasures imist be observed. 



; b. Given toert gas shielded welding equipment and aluininum and alluminum alloy plate 
- specimens, set up and wel butt joints with 100% penetratibh, free of overlap and 
undercut for a total combined distance of nb less than 3/4 of the length 6£ the "^l 
specimen, excluding the first 1/2 inch start and the last 1/2 inch ffeish^ All ^ 
shop safety, good hbusekeeping^ and fire prevention measures must be observed. 

Given inert gas shielded welding equipmCTt and aluminum and altminum alloy sheet 
•^.specimens, set up and weld, tee joints, free of excess ive penetratibn overlap^ and ' 
^dercut, f or a total combined .distance of no less than 3/4 of the length of the.; 
. x^i-specimen, excluding the first 1/2 inch start and the last 1/2: inch finish. All 
^/shop safety, good housekeeping, and fire preventibh meaisures must be observed iU-^ 



Teaching steps are listed in Part 11^ 



I 

..la 




INTRODUCTION 



Time: ID Hin 



1. Atteritibh: . ^ : 

2. Review: Evaluate 6TT assigmaent and critique missed items SS9504 | ^ 

^ . ^ • _ . j 

3. Overvietw: At the completion of this lesson you will have the Ihtrbductibh 
and Welding of Butt> Lap* Tee of Aluminum. 

• \ * ■ ■ ■ . 

4. Mbtiyatibn: 



BODY 



Presehtatibri 

(Refer tb bbjectives Aa, b) 

1. Factors such as thickness or 
.gauge, design of parts^ finish 
and appearance desired, and 
available equipment must be 
cbnsidered in selectibh bf the 

- • heli arc welding methbd tb be 
used in joining aluminum. 

2* TIG is used for welding 
aluminum section which is 
less than 1/8" in thickness. 



Time: il hrs, 40 m±n. 



Sixow Tiainer 4404 Tugston 
Inert Gas (TIG) Shielded 

Welded Specimens 

Studexits Issued. 3ABR53131 
SG501 Mjd^rn Welding 
; Handbbbk • 
::at. the end of Blk. iV. 



a. Welding, fixtures are sbtnetimes 
necessary* and should be used 
when welding thin gauge material 
to prevent warpage. 

3. The arc jLs established be twe^' 
a nbhcbmsumable tungsten elec- 
trode and the parts to be 
welded. 

4. fIux is not required in inert 
gas welding because the action 

b£ the arc breaks up the bxide - 
film. 



5. Power Source 



a. AC high frequency istecbm- 
mended for welding bf aluminum 

b. 'DCRP may be used ifAC isn't 
available for aluminum 



6.. Explain a±tertiat±x« cutrent • 

a, AC ;is^_ccaiibinat±6n of SeSf 
and DCKP 



b, Wfien high frequency is super- 
i^osea upon AC welding current 
a~ continue flow of electrons 
is jtmpi^tg &e ^ip between the 
electrode and Se work piece, 
piercing the oxide f ilni ^and 
f brining a path for the weld- 
ing current to follow. 



7. AiuminnTtt alloy most widely used 

a. llbb, ?nb3, 4043, 5052, 6061, 
7075 and 2024 



h, llOO^pure ■ al tnti-f utiin 

3003-mahgahese^can be heat • 
treated but must be annealed - 

before weidtog ._ 

4043-aluminuffi silicon 

5052-inagnesium-heat treatable 

and t^eldable t.^-i m^^e^ n^crs 

6061-magnesiuL. silicon- f^.I^^ln I^e-2360 

Weldabll CWelding Aluminum) 



7b75-2lnc-heat treatable^ 

nonweldable ; _ _ 

2b24-copper-heat treatable 
lion weldable 



8. Welding equipment 

a, Pbr welding above ibb amps a 
mtef cooled torch is used 

b; Water used to cool the weld- 
ing torch shotxld' be clan to 
prevent clogging or flow 
restriction, 

(1) Overheating can melt the 
silver brased metal joints 
fa the torch and the plastic 
water tube which sheaths the 
electric cabfe 



(2) Srm^ welding equipment . 

is pro-Tided vitfa TO - 
valves and valve timing 
cbnteols to control the 
'-^ flow of TOt^ and gas 
during weidii:^- 

C3). imen welding is stopped^ 
the tliaer ^5llb«^ the vater 

and gas to flow for a . 

suffice' '^t length of tiae 

to^ic* the tungsten 

;;iec^T^de to cook, thus 

prevfasting jContaniiMticm 

wa«n exposed to^ix, 

Cr Retconmend electrode sizes 

for Prions ranges of weldiiig curr^t. 

9. Filler material , , 

a. Additional filler met^ is 
not necessary in Ti§ welding 
when enough parent metal is 
provided by tJie Joint design 
to form the weld bead. 

The filler ^d should 
always be wi^in the inert 
gas shield and at the leading 
edge of the weld pool. 

Ci Too large a rod distrubs and 

often freezes thi pool, while 
a rod v6o small in size forces 
thiexWelder to feed too fast 
for steady operation^ 

IB. Preparation of metal 

ai eieattlng of the surfaces to 
be welded is of major liiF 
portance in ^ 11 altimlniTm 
joiningreg^diess of the 
welding process i 

b. Oxide," grease or oil film 
remaining bnthe edges to _ 
be joined will cause unsound 

: welds. • : 



ERJC; 
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a© hot give of f toxic funes 
daring welding are used suc- 
: cessSily to remove surface 
contaminants Before welding. 

Ci) Acetone-altallhe solu- 
tion-explosive 

(2) Alcolibi-alkaline solu- 
tion-explosive 

d* Oxide f iii can also be re- 
inoved by medxanical meaixs 

(1) ■ Al i i nt'^'"^^ wool 

(2) Stainless .steel brush 



11. Joint Requirement 

a. The choice of joint design 
and root openings required 
for its welding are deter- 
mined by tie structural 
requir^ehts of tiie weld. 

b- The basic j^es of joint 
designs are the butt^ lap, 
corner and edge, 

. (1) Almost &ay fabrication 
will have one or a com- 
bination of two or more 
of these basic types, _ 
depCTding upon the physical 
properties desired, type 
of material being welded, 
the size, shape^d appear- 
ance of the assembly. 

12; Weld specifications 

a. Butt joint 

(1) Metal to and including 
1/8 can be welded with_ 
no edge prep^atidh other 
than removing burrs siid 
cleaning. 



(2) Weldiig ±s done from one 
side only, oh metal of 
1/8" or less 

(3) On material over 1/8" 
and up to 1/4" thickness 
a square edge_butt joint 
can Be used if the joint 
is to Se welded from 
both sides 

(4) A single-vee butt joint 
is used on ii^tal 1/8: 
to 1/2" tiii^dcness vhere 
welding is done from 
one side only 

(5) Metal over 1/2" is -pre^ 
pared with a double-vee 
or dduble-u 

iv (a) Vee or U joints are 

filled with filler 
^ rod 

(6) Specification for Butt 
Joint 

(a) Penetration-lbd% 

(b) Width-2 to 3 T 

(c) Height-5Z to 30% T 



13- Lap 



ai A lap joint needs no metal 
preparation, other than 
cleaning and removing burrs 

b. Plates must be in close 

contact along the joint 

edges, to prevent burning 
away of the tipper plate. 

c. On material up to 1/4" 
^ck, a lap joint can 
be made with or without 
filler rod 



(1) Lap joints are not 
recoometided on tnetal 
over li" thick except 

:for rough fit up 

(2) Three types- of lap 
joints 

(a) Single welded lap 

(b) Doubled welded lap 

(c) Joggled lap 

^ ■ . " 

(3) Specifications for lap 
joint 

(a) tower, ieg-1 1$ T 

(b) Upper l42g - T 

(c) Width bead 2 to 3 T 

(d) Penetrati6n-25 to 
„ 86% of T . 

14. Tee Joints 

a. -The plain tee joints which 
is used on material up to 
1/8" thickness, heeds to 
hav§ special preparation 
other than cleaning the edge 
of ^ the vertical sheet arid the 
surface of the horizontal 
sheet where the weld is to 
be made.. 

- bi Welds made on metal having 
a r^^-'-nyss of 1/8" or 
r. squire bevel itig 

of trie- vertical sheet. 

A single bevel is tased 
• on iretai up to ^" 
where welding is done 
i \from one side only. 



(2) A double bevel is used - 
^ where the joint can be 
welded from both sides. 



4£ 



Sir 



(1) Lower leg- 1^5 T 

(2) Upper leg-i T 

(3) Width bead-2 t& 3 T 

(45 Penetratibh-25 to 80% T 



2s 



Si 



i 



15. Welding prdcedutes 

a. Sack up plates are rec- 
■ ommended wherever pos- 
'sible to control, weld 
penetration and permit 
faster welding speeds . 

b. Tack weld at about i" 
to i-^" intervals, they 
should be neat arid small. 

c. The arc is_ started by 
,brihgihg electrode close 
to the work surface. 



(i) Electrodes do not 
have to touch the 
work surface. 

d. Hold long arc 

(i) Between 1/8" to 3/16" 

e. Keep filler rod fairly 
flat to work surface. 

(15 Between 10-20 degrees 



Application: 
^ (Ref er to objectives 4a, 4b . 

^ 1. ' Student will be checked for proper 
welding procedure 

. 2. Assistance will Be giv^ 
necessary 



Students will use equipment in 
shop . Inert gas shielded weidlng 
station complete, power shears 




Say 6* 



Preparation of material 

Welding procedures and techniques . , 
Aluminrai alloy most widely* used 
ftitemating current 
Lap ^f/^ bulT Jct^T SpcCiiFrC/i^^ 

_ _ _« — 

rrr A«<pnment Read Modern Wedding -Hmdbook. POI objective 

CTT Assignment ^s-ti PGI time 2 lirs. 

. . and para 24-21 . 



INTRODUCTION TO NEW BAY'S INSTRUCTION 



flay 7 



1 Evaluate CTT and critique missed iteass. (Modern Welding - para ±8-35 
^* para 23^21 and para 24-21) • 

2. * Remotivatibn: - . * 



1 
i 



3. Review: 

a* Preparation of material 

b. Set up of joint 

c. Welding procedures and 

d. Safety 

Overview:, Tee joints of aitiminum. 



ues 



(Refer to objectives 4c) 

Student wiir perforin the fbllbwihg: 

1. Preparation of material 

2. Set up and tack 



Weld tee joint to student guide 
Specifications 



4. Observe all safety precautions during 
accomplishment of project 

Evaluation: . 

ii Student will be checked for proper 
weldiiig procedures . 

2.' Assistance will be given when 
necessary. 



StudCTts will use equipment to shop 
inert gas shielded welding , station 
coiiq>iete (power shears) 



- Sommary ; 
li Preparation of material 
2i .l^clding procedures and techniques 
3. Aluminum alloy most widely used 
i. Alternating current. 
5. Tee ^dint. specifications 

CTT Assignment: RS^3M553l3i S6-505^ Answer^ 
^ Questions at end of chapter 

Read chapter 18 tfoderrv Welding 



Bay 7/ 



POI. Objective 5a 
POX Time 2 hrs. 



\ 



IKTRbDUCTIQN TO NEW DAY'S INSTRUCTION 



I-- 



Day 8^ 2 hrs. 



1. Remotivatidn: 



2. Review: Evaluate CTT Assignment and critique missed xtene; (SG 505) 

\ _ 

\ a. Preparation of material 

b. Set up of joint ' ' ' 



\ 



\ 



c* Welding procedures and 
techniques 

\d. Safety 

i3. Overview: -Tee joints of aluminuth. 

Application: (Cont'd? ^ 



.'StudeSt will perform the fbll6v?ing: 

1. Preparation of metal 

2. Set up of joint 

3. Welding procedures and techniques 
for lap and tee joints 

Evaluation: 

1. Student will be checked for proper 
. procedures and techniques. 

2. Assistance will be given when ! 
necessary. { 



Students will use equipment' 
in shop inert gas shielded 
welding station couple te 
(Power Shears) 



ERIC 



I 



CONiSLOSiOM- Time: 10 Mitt 

''ii Sumary . * . 

— ^a. •Preparation of ^material 

b. Welding procedures and techniques 
of butt^ lap and tee joints - 

c. Specifications for butt, lap and tee 
joints 



^ ^ . d- Safety 

2.^ Assignment A/b>v£' 



ga> - 

- 3. RemoCivation: 



A. Closure: 
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1N51 nucroft 



rOU»»'C TIT I F. _ _ . 

H^&als PfaDcessing. Specialist 



CLOCK TtTce Inert Gas Sliielded Welding, of 
— High Pe^fdI lnaul ce-A >r0r a:ft-^fezta^ 



J.ESSOM TITtE 

Butt Joi nts oX Magnesium 



LCSSON DUWATiQM 



ct *ssnooM_^'jjabomtoi7 



Complementary 
2 lirs 



TorAc 



8 hrs 



P0» RFPEfJP^'CC 



PACE NUMBER 

P7 ^ 



2^ Se p 1975 



5 



SfS S3iXi 



OATjC 

31 Hay 1575 



?;UPeRV»SOR APPROVAL 



StCMATURE 


DATE 


St&MATURC 




















- > ■ 








. ^ . PpgCt ASS rPEPARATICN - — 


E 04IIPMEVT J^OCA^EO: 
-^^^^ IN t APORATOPY 


tQUiPMENT 
PHOM SUPPLY 




- ^ 


_ 

1. Ijiert Gas Shielded 

Weldijig Station 
• Complete 

2» Cleatiing Eqixipmeirt 
3. Power Shears 

> ~ " J ^ ~i _~ ~/_/~ y -M-/^ _>_/ » _ _ ~ 






2. Modem Welding 
(Chapter- 18) , 

- • « 
• 



CPU rRlON bdjeeTtVES amp IFACM rNG StE PS / 



a.. Given iftert^^s shielded welding equipment and magnesium specimens, set up and 
t weld butt jotots with-lDOZ penetration^ free of overlap lind undercut, for a total 
combined distance of TO less than 3/4 of the length of the specimehi^ excluding 
the first 1/2 inch start md the last 1/2 inch finish. All shop safety^ good . 
housekeeping and fire prevention measures must be observed. 



teacdiing steps are listed in Part II.' 
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INTRODUeXION 



Time: in Mih 



i. 

it- 

3/: 



Attention: 



Jh th^ last block you learned how to set up and prepare for 
welding aiumlnum butt ^ lap a joints using -the gas shielded process. 

Evaluate CTT ^ssig^ and critiquo^^nissed items. 

Qvctviev: . Upon. completion of this lesson, you will lesrii and apply 
proper procedures for welding tnagnesium butt joints. ♦ 



4» Motivation:- 



BODY 



Time : 7 Hrs 40 Kin 



Prcsentaricn: : _ ' 
(Refer: CO Objective 5a) 

eeoerai infbrroatibn , — : '■ — ^- 

a. Worl|*s lightest structural 

metal - • - ..^ ' 

______ ii _ _ , \ _ _ 

(15 \Wuroihum is 1^ times^ as" he^ivy, 
iron and steel arc 4 times as 
- heavy and copper arid nickel 
"' V aiioys are 5 times as heavy. 

Magnesiuia is aiioyed wit^^ 
. metals incluifiing alundnum»,. z^ 

nacgahes^ and others. ^ 

" .' ■ ■ ^ ' " ■ _ .. . ■ " 

<1) MapiesioS^ containing Thorium 
and radioactive. 

c. Uses of magnesium arfe "^divided isito 

two types - structural and nonstructural 

(1) Structural uses include^ fuselagfes, 
wings, iandihg wheels^ engine parts 

. *and accessories. 

(2) Notistruaturai uses a?« its use es 
an aHofing eletncnr in- aiuminam^ ^ 
ieadj zinp and other nonferrous 

aJ 



Show trainer 4404 Tungsten 
Inef t ei:s (TIG) shielded. 
' welding specimens 

5S . . 
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^aertK TJeiaiiig Hamd^^ speciJ±c«t±^s 



a. 



(1) Two letters followed by twc oi 
three nuaSers 

b. ^^ding machines and torches 

^15- Direct Current machines j^d 
J alternating current machines 
with a high frequency curren 
superiinpbsed 

(2) For thin gauge material^ bot. 
types of machines are used^ but 
on tr^terial over 3/16", thick* AC_ 

. ir* 5 are prrferred because of 
: enetrecing power, 

c. Shielded v^w> 

(1) Helium and argon are bcjth 
suitable for welding of 
magnesium 

(2> Ar^h is used with altenmting 
curr^t, helium is used with 
reverse polarity. 

d. ' Surface prepaStlon 



(15 ^^esiuitf^iioys are usually supplied 
with: an bi l^a ting ojr chrorc 
pi<^lS.^X*fi3!infor surface protection 
- dtSing sfiipmeht and storage. 

(2) Oil mating 

t>.' ____ 
Ca) Preferred for materials to be 
welded since they are easier to 
clean. 

^b) Part^ to Be painted after welding 
should be iMiGJS ftswa chrciK pickled 
• TOtal. 

(3) Cleaning 

— ■ ■ ' • <^ 

> (a) caiemicais 
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i Vapor degreaser 
2^ Acetone 

3^ Hot alkaline solution 
ay Heciianicai 

1^ EmeiT cloth 
Z Statoless ste^l wool 

3^ Wire brush 
Joint Preparations : 

(1) Edges should be free from loose 
pieces or pits- which nay. contain 
cdntaffiination such as oil or 
oxides 

(a) Hilled^ sawedi smded, routed 

or filed edges are satisfactory. 

(2) Fit - up should be 1/16" gap or letc; 
for butt joints. 

^3) Welding fixtures are necessary when 

welding tJiln gauge saterl^ to 

prevent the plates from overlapping 
and to dissipate excessive teat. 

Welding polarity j 

(15 D CTP is used there is no 

ACHF a^^diable. 

12) Alternating current witfi high fre- 
quency superimposed is norma^ily 
7'?ed. 

,a) Electrode is held flush or 

slight^ below the surface of 
the work for mar'^^^ penetration 

'(b) Torch angle should be from 75 to 
90% • 



3« Practice Safety in Performance of- required 
tasks. 

. a". Remove all ^ewelxy 

bi Wear protective clothing 

Ci Check water, gas, povxer cables and 
water cables 

l5embhstratibn 

5. 



Practice good housekeeping consistent 
with safety and fire prevention 

Dvervievx: V/eldihg butt joints of r^Lgnesium 



Application: 



1. Student will be given material and 
equipnerit for welding butt joints of 
magnesium « 

al -Prepare joints for welding 

b. . Weld joints to specifications 

c. * Observe all safety precautions 
Evaluation: : 

1 . Student \7i21 be given assista^e >Jhen 
neJtissary ' 



2. Welds will be visuStly inspected fcr _; 
' height, tddth, overlap, ttndercut, and 
penetration 



Siuttma ry : 



BHD OF DAZ SUMMARY 



li . Preparation of netal 

2. Welding procedures, for butt 
joints of .magnesiujn 

3. Specifications for Joint 



students will use equipaient ±n 

shop. Inert gas shielded veidiag 

station conplate» cleaning equipment 
power shears i .. 



DAY 8 



CTT Assignaent: P6i objective 6a POI tlsne 2 hrs. 



1. Read SG 3ABR53131-SG-5e6 and 
' mswer)<tuestions at end of 



2i Seaa adapter 18 Hodern Wgldixtg^ Para 18-20 
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INTROBUetie S TO NEW DAY*S INSX RUCTION 9 | 

1. Reirqotivation 

2. Review: Evaluate CTT Asslgxuaent and critique missed items (SG 506) { 

a. Preparation of metal ' 

b; Weidiag procedures and specification: xor 
butt joint • ; 

3. Overview: Welding butt j bints of magnesium. 
Application : (ebnt) x ' 



Student will perform the following: 

1. Preparation of metal 

2. Set up of joint 



Students will use equlpttant in. I • 

shop. Ixxert gas shielded welding 1 
station complete, cleaning equipment 1 
power shears V 



.3. .Keld butt joint to specifications 
In, the Modern Welding Handbook 

Evaluation: 

___ ___ 

1. Student viii be. checked for. proper welding 
procedures 

2c Assistance will be given when necessary 

CONCLUSION 

1. Summary . ^ 

a. Set up and preparation of butt joints of magneslub for vciding. 

b. Use of proper welding procedures and techniques. 

JdinL to be welded to specifications in the Modern Weidine Handbook. 

2. Rembtivacion ^ 



Time: IG Min 



Assignment None 




cQunss riTLC 
Metals Processi ng Sp eci a lis't 



•LbcicriTCE Inert Sa5 rihtelded Weldingr of High 

. Pcrfbnhojic. Aircraf t ITct ^jls— — 



Joints of A-286 Alloy 



CLAssRoou^laboratoiy^--. 
D fc 1) 1 hr/Fcrf 9 hrc— 



Cpniplem<3iltaiy 
y- 3irr, _ _ 



tOT«t 



PAGC MOMPCn 

38 - 



23 S ep 197[i 



6 



DAT<t 

11." Hav iqjg^ 



Sll'^EPV^SOR APPROVAl. 



5ION AT gnir 



QATE 



StGM AT (;MC 



PATC 



1. Inirt Gas SKi*?lded 
¥elding Station 

2 • ' electing Bqttip:nont 
3. Power Shears 



CU AS5ir»COHATC««AL 



Hone 



UN C L A t L O M 4 7 en i AC^ 



CRM E RlC»M 1 »veS^ NQ T Caching 5^ EPS" . 



a Siv^ inert gas shielded welding equipment and A^286 alloy spe<#ien8, set up cn-^ 
weld butt joints with 100% penetration, free of overlap and un§er4?ut, for a t- . 
' coia&lned distance of no less than 3/4 of the length of the specfinen, excludi .3 uot ; 
' first 1/2 inch start md the last 1/2 inch finish. All shop safety, good 
hous^eeplng and fire prevention iceasures must be observed. 

b. eiven inert gas shielded welding" equipSeSt and A-286 alloy specUsens, set up and 
w^d te« and cbmo' joints free of excessive penetration^ overlap and undercut, 
for a total c'v^toed nistance-bf .no less than 3/4 of the length of the peclmfen, 
excluding the fiist l/2.toch start and the last 1/2 inch finish. All shop 
safety, good housekeeping and fire prevention neasures anist be observed. 



teaming steps ar listed in Part II. 
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INTRODUCTION 



Time: 10 iiiin. 



i5f 



1; Attention 

2 Review: In the last lesson ypu learned how to prepare and set up_for 

welding SagSesium butt joint in accordance with specif ications. Evaluate 
CTT assigi^ent anA critique inissecrxteins » 



Overview: tJpon completion of this lesson student will learn and apply 
proper procedures for welding A-286 butt and tee joint to specifications. 



3- 

4. Motivation: 



BODY 



Time: 13 hrs. 40 min. 



Stew trainer 4404 Tungsten, 
Inert Gas (TIG) Shielded 
Welding specimens. 



Presentation: 

(Refer to objectives 'Sa, 6a) 

1. General information: 

a. A^286 . , 

(1) Designed for p^ts requiring ^ 
high strCTgrh up to 1300 degrees 
f^and oxidatiSn resistance up to 
1500 degrees F 

(2) Shbrxld be welded in the 
sblutibn-treated condition 

(3) Strees relieve (1650^ F 

1 hr - air cooled) |f 

(4) Clieisiical conpositibn 

(a) Chromium 

(b) Nickel 

(c) iron 

b. Only properly trained men will 

perform welding on aircraft p.-^: ts 

. (1) Specification ML-T-5021 • 
outlines welding qualifications 
for aircraft welders 

c. TIG welding is the best suited welding process for repairing or welding A-286 
alloy 

d. The pbssibiiity of A-286 cracking is more critical than ihat of stainless steel 

2. Welding equipment oaterials . 

ii Welding nachine-AC-DC rectifier with foot control rheostat 
- b; tipt weight (inert gas) are welding torch 
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c. 7r : tungsten electrode 

di Shieldins gas (argon or heiium) 

e. Welding iense (No. 8, 9 or 10) 

f . Light weight gloves 
gi Filler material 

(1) fiasteiioy 'V 

(2) A-286 sheared stock 
3. . Welding p-:bcedure 

a. Vapor dcgrease the part ot remove all grease, oil or other organic material 

^ (1) toea to be welded may be cleaned with cloth soaked in acetone or petroleum 
benzine 

b. Grit blast may be used to remove dirt, scale* . carbon* rust or other iiorganic 
matter 

(1) Stainless steel power driven rotary brush or emery cloth may also be used 

c. Where a crack is suspected: 

(1) Red check to deternlae exact location 

' (2) inspect both sides of the area to deter- e exact location if crack 
penetrates the material 

- d. Prepare cracks for welding as follows: - 

(1) Up to 0.645" thick grind ^.o a depth of 50% of parent metal thickness 

(25 0.045 to 6.090" thick grind to 75Z of parent metal thickness 

(35 Over 0.090" thick g;rind to within 0.030" of opposite sii3e 

e. Set cuTTCTt for thickness of material tc be welded 

f . Check all tacks, (tacks that are cracked will be ground completely out and 
made over) 

g. Use copper tab to start «rc on ^enevef possible . 

h. Keep fiiler rba xmder gas sLield 

1. Griad oirt- polat wSere weld w^s terninatea, before restarting 
j. Ellmlaste crater cracks 

ti Holtipass welding- each beid shaii be thoroughly cleaned' by grinding or rotary- 
fllllng, folibwcd by tic »ire brushing to io^^Sletely remove all oxide 



ii eiean tepair welds viih fiSe emery cibth aiid dye check 
4. Weld requifements: 

a. Butt joints 

^i) Pettettat±6n-iee% f 
- - - ' "(25 Reinforcement - 5-36% f 

(3) WidtS - 2-3 T 

b. Tee joints 

(1) Penetration - 25-80% T 

(25 Leg width - i 1/2 T - 

(3) Width - 2-3 T 
Application: (Refer to objectives 6a) 
Evaluation: 

1. Student will be checked for proper welding 
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Students will use equipment 
in shop: Inert gas shielded 
welding station coinplete (2) 
cieaSing equipment (3) power 
power shears 



2. Assistance will be given ^Sen necessary 

FNB QF DAY SUimSRY 



DAY 9 



Sunsnary t 



CTT Assignment: 1. 
POI Objective 6b 
POI Time 2 hctirs 



1. Welding equipment and material 

2 . Welding procedures 

3. Weld requiremer-s :^ 
Read jMfiodern Weidteg Para. 22-1 thru 22-5 

^\n-?.d I)UCTigN TO NEW PiY^S iNSTRtJCTION 



1. Remotiva 

2. Review: Evaluate CTT Assignment r d critiqu;. missed items 
a. Welding prbcedtires 

Welding equipstent and material 



3. Overview: Welding butt joints of A-286 

Applicationi (Contintied) Students will use equipment 

(Refer to -objectives 6b) in.shbp. Inert gag shield 

. welding station cbiSiplete 

Student wi^l perform the following: Cleaning equipment* power shears 

ii Preparation of material 

2. Set op and tack 

3. Weld joints to student guide specifications 

4. Observe all safety precautions during accomplishment of project 
Evaluation: 

1. Student will be checked for proper welding procedures 

2. Assistance will be given when necessary 

CONCLUSION BAY 10 Time: 10 min. 

1. Sxxmmarjr 

* a. Preparation of metal 
_ • \ 
b. Shop safety 

< 

2. CTT assignment: J-Di objective 7a POI time 2 hours 

. a. Review notes taken during class ^ 
b. Read 3ABR53131-SG-507 and answer questions at end of chapter. 
3i R^Dtivation: 
4. Closure: 



LESSOrt PLAN ( Parti, Cinirdtj 



4Afifi53131 



Steele NQKneit 



•HlTHUCror* 



Coy«5£ Tiruc 

__ HitalJ_Processiiig Specialist 
"TcocK nTtc inertias Shielded Welding High 
' Performance Aircraft Metals 



Jbitits of i^'^i 



cuAssRocMjT Liaobfatdry 
D S D i hr/ Perf 9 hrs 



r Complementary ' 
4 hrs* 



14 hrs. 
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_23 Sep 1975 



-STS 53ia 



31 May 197* 



0A7£ 



Stow AT UHE 



inert Gas Shielded 
¥eiding Station 
Complete . 
cleaning Equipment 
Power Shears 
Trainer 4404 
Tungsten inert gas 
itiC) shielded welding s. 



Consolidated Toolkit 



Nbne- 



1.' 3ABR53131-S&-5e6 



a. Given inert gas shielded welding equipment and Ar285 aiioy specimens^ set up and_ 
weld butt ^bints with 100% penetration, free of overlap and undercut ^ for a total 
confined distance bf no less than 3/4 of the length of the specimen, excluding the 
first 1/2 inch start and the last 1/2 inch f-'r:? All shop safety, good 
housekeeping and fire preventibn measures rmx^z be observed^ 

b. Given inert gas shieided welding equipment and A-286 alloy specimens, set up and 
weld tee and corner jbdSts free of excessive penetratibn>_ overlap and undercut, 
for a total combined distance no less than 3/4 of the length of the specimen^ 

- excluding the first 1/2 inch start and the icst 1/2 inch finis^h. All shop 
safety, good housekeeping e.- ^ fire prevention measures mast be observed. 

Teaching steps are listed & Part II. 
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INTRODUCTION 



Time: ' 10 min 



1. Attention 



2. Review: In the last iessdit you learned hot^ to prepare and set op for 

welding tnagnesium butt joint In accordance with specifications. Evaluate 
err assignment and critique missed items. 

3* Overview: Upon completion of this lesson student will learn arid apply 

proper procedures for welding A-286 butt and tee joint to specifications. 

4, ' Mbtivatibri: 



BODY 



Time: 13 hrs AO min 



Presentation: 

(Refer to objectives Sc., 6a) 
i. General Information 

a. A-286 -tf 



(1) Designed for parts requiring 

high strength up to 1300 degrees 
F_arid bxidatiqri resistance up to 
1500 degrees F 

(2) Should be welded in the 
solution-treated condition 



(3) Stress relieve (1650* F 
1 hr - air cooled) 

(4) Ghemicsl cdrapositibri 

(a) Chromium 

• (b) Nickel 

(c) Iron 

Only properiy trained meri will 
perform welding on aircraft parts 

(1) Specification HIL-T-5b2i ■ 
butlihes veldiiig qualfi ca- 
tions fbr aircraft welders 
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^ Acetoiie nay be usea 

(b) Grit-blasting may be used t<5 r&m^ dirt; rast mid scales 

i If grit blast is used, the surface shall be polished vith a rotary 
staitaess steel brash to remove blast residue from the surface; 

bi Prepare crack for welding ^ • 

(t) Co^letely grind but any crack that does not penetrate the aaterial. 

. . ^ 

(2) For through cracks frind out to a depth of 50% of metal thicfaiess, keeping 
width to a minimum. 



(3) Weld immediatily after pre-heating (766-800) degrees F and stress relieve 
iSnediately afterward. ^ 

(4) Check for cracks ^ 
Welding equipment and material 

(1) AB-DC rectifier welder ' 

(2) Water cc led torch 

(3) Tungsten electrode— 2% Thbriated 

C45 Argon gas for priirary shieldtog, helium for back up shielding 

(5) Filler rod ' 

(a) Sheared' s^bck 

(b) Copper coarea filler wire - to protect wire from corrosion 
Joint preparation . 
<1) Remove shatp edges or burrs 

-Spacing 2T 

Sheilding gas - 12 cu.'ft/hr. ' „ 

(4) Back up gas - J-J cu. ft-/Sr^ 

(5) Torch angle 
(a) Butt 4 75^90 degrees 

45: degrees 



00. Tee|- 
e. Weld specifications 
(1) Butt joint 



(a). Penetration - 1(^% T 



h 



'■ 7 

r 



(c5 Bead shape - slightly concave to slightly convex : 

3. Practice safety in performance of required tasks 
Remove all jewelry before operation of equipment 

bi Wear protective clothing . . * 

c. Check water, gas. power cables and rater <:abies 

4. Demonstration 

5. Practice gobd housekeeping cocaistcnt with safety and fire prevention. 

. -. i ' - >€tud^ts will use equipment in 

AnpUcation: (ihop. ISer^gas shielded welding 

' Studi^t will be given material and equipm^t ' _ Vstetion complete, cleaning equipment 
for welding butt. lap. and tee joints of chrbublby. Ni^^er shears. 

« 

1. Prepare joints for welding. , . • 

2. Weld joints to speci^atibns. 

3. Observe all safety precautions. 
^ Evaluation: 

1. Student will ^ given assitance^hen necessary. 

2. Welds ^ .ally inspected for height, ^drh, overlap, undercut and penetiatloi 
Sumoary am OF DAY STOflffiR^ BAY 11 

* _ - ^ * ■ • 

1. Preparation or T=ctal 

2» Welding ^ -^^-^re ' ; . :^ 

3. Shop ^^*^^ty- • . \ V ^ . 
CTT Assi^ent: f 

1. Read Modern Welding Para 22-fi thru 22-A 

Evaluate CTT and critique missed^items. 

1. g^Jtivatibn ~ * ^ • 

2. Review ^ - 
a. Welding equipment and materials 

We;, ilng procedures 

' .Weld requirements ' 

3. Qieck on home assignment: * . ^ i 
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3- ' Over^^ew: . We^ biitt and tee joints of dhromolpy (Objective 715, c) 

aPftlGMlON: (ContJ 



Students will use equipment in shop; 
Inert Gas Shielded Welding station 
complete^ cleaning equipment, power 
shears. 



Student will be given material and 

equipment for welding required joints; 

i- Prepare joints for welding • 

J?>^::;;;^5^^^,^ay,jfc ' ; 

1, Student will be checked for proper 

welding prpcedure ^ - 

' Assistance will be given when ' : ' 

necessary 

CONCLUSIOII / Time: 10 min 

1, Summary - i ^ 

a. Preparation of metal 

b. Shop safety 

2, CTT assignm^t: P0I Objective. 8a POI tljne 2 hours 

a. Read 3ABR53131-SG-508 and ^swer questions at end of chapter* 

b. Review notes taken in class . ^ 
3- Rembtivation: 

4, Closure: 
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- PRECLaSS PPEPARAllOM' - • __ 


^Ou f PM E N T _LO_C A_T E O 
IN tApoPATOoy 


..EOCiiPMENT 

F>?OM supper 


. CL A35«PiED MflreniAC 




.1 • lile rt Gad CKie Ided 
VfelSing Station 
Gomplete 

2i eieajtinjj Eqitipment 

3« Power Shears 




None 


1. 3ABR53i3l-SG«5b8 


CRITERION ODJECTI.VES / 


^•in ^ ^ACHING STE"S 



a. Given inert gas shielded welding equipment and nickel base, alloy specimens * 

set up and weld butt joints ^rith 100% penetration^ free of overlap and undercut, 
for a total .combined distaiibe of no less_ than 3/4 of the length of the specimen 
excluding the first .1/2 inch start and the last 1/2 inch finish. All shop safety, 
good housekeeping and fire prevention measures must be observed.. 



Teaching steps are listed in Part II. 
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INTRODUCTION Time: 1£ inin 

1. Attentibii: 

2- Review- ±S the last lesson ybii learned how to set up ahd.wsid Chrdmdlpy 

2. Review. specif icit±5ns . Evaluate CTT assignment and 

critique missed items. 

3. Overview: Upon cdmpletion of this lesson, you will learn and a^piy pS6per procedures 

for welding tiicke base butt, tee and lap doxnts, 

4. Motivation: . " 

- ~ - Time: 5 hrs 45- min 

^ ^ DAY i^ ' 

Presentation: 

(Refer to objective Sa) 

1. General information - , ^ , 

a. Good mechanical properties (strength and ductility) 

b. Coefficient of thersal expansion of inconel is about tha same as that*of carbon 
steels ^ 

(1) Warpaie aSd stress resulting from the application of heat vill be approximately 
the same 

• (2) Welding fixtures should he used wherever possible to help dissipate heat 

a. Metal preparation :~ 

(1) Chemical cleaning 
(a) Vapor degreaser 
(b5 Acetone 

(2) Mechanical cleaning 
(a) Sand blaster - - 

) (b) Stainless steel wire brush 

(c) Grinder . 
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b\ Weldi?ig equipment 



'm 


ACrbC rectifier welder 
Iheit ga$_iairqoh) 










(3) 


2| 'Thort ated' tungsten • 








.... • ■ ' =\ 




ejcctrddc .. 








' ■ \3 




We J ding fixture • 











i 



1». 

5. 



0 
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c. Current and flHer rod 

• (1) Dcsp : ; . 

j[2) Amperage depends on thickness 
of material - / . 

• (3)' Filler rod 

(a) Inconcl 62 or 6g 

. (b) Sheared stock 

d. Torch angle : . 

(1) 75"-90- degrees 

(2) Upon cprhpletlori of weld ^ leave 
torch in place until gas flow 

■ stops • , 

Butt jbih't specifications 
*a. Penetration - 1001 T 

b. Bead width -2-3 1* 

c. Reinrbrcemcnt - 5-30? T ^ 

Practice snfcty in performance of 
required tasks 

Practice good housekeeping cbhsistarit 
v;ith safety and fire prevention 

a. Remove lill jewelry before operation 
r • .of equipment 

b; Wear protect ivc ^clothing 

c. Check waler^ :9^s^ power cables 
• and water lines — • . . 
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6. - Demonstration 



Student >rill be given riaterial and 
egtiiprnent for welding, butt joints of 
nickel base alloys 



Students will use equipment in shop; 

ii inert gfs shielded welding station complete 

2. Cleaning equipment 

3. Power shears 



""T, Tfe'^re joints for welding 
2. Weld joints to specifications 
3i Observe all safety precautions 
EVALUATION: 

1. Student will be given assistance 
' "when necessary 



Z. Welds td.ll be visually inspected 
for height j width, overlap? under- 
cut and penetration 



eONGLUSIIDN 



1 . Summary : 

a. Ereparatiori of joint 

b. Weld specifications 

c. Welding procedures 

2. CTT Assignment: POX Objective 9a 

a. Read 3ABR53131-SG-5d9 and answer questions at end of chapter. 

b . Read Cha|>ter 24 Para 24-26 ] 
Modem Welding Handbook 



Time: 10 min 
DAY 13 ' 



POI time 2 hours 



3. REMOTIVATION: 

4. CLOSURE: 



te 
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PRECLASS PREPARATION 



1, 



EOuiPwEMT LOCATED 
tH LAOORATORY 



Inert Gas Shielded 
Statib^ 



FROM SUPPLY 



' €oinplete 
Rectangular Dra 
Bel' Bubble 



3. 
4. 

5, 



nt 



Trainer 4404 
Tungsten Inert Gas (TIG) 
Shielded Welded Specimen 



CLASSipiEO MATCRiAL 



None 



QPAPMic Aids a^**d 

UNCLASSiriCb MATERIAL 



1. 3_^R53131"£ 

2. Modern Welding 
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CRITERION OBJECTIVES A fCQ 1 E ACHING STEPS 



gag 



r.d. Given inert gas shielded welding equipmesit and titanium and titanium alloy 

specimeaSi set up and weld butt joints with J 00% penetration, free of overlap,' 
/ and undercut V for' a total' cbicbined distance of no less than 3/4 of the length 

of the specimen,, excluding the first 1/2 inch srart and the last 1/2 inch finish. 
Mi shop safety, -good housekeeping and fire prevention measures must be observed. 



Teaching steps are listed in Part II. 
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- INTRODUCTION - Time: io min. 

1. Attention: ; 

2- Re^^- in the last lesson you leatned l^bw to set tip and weld butt 

2.. Review. |n_t_e last^^^^ ^__y ^^^^^atog t5 specifications. Evaluate 

* CTT asstgiuaent and critique missed items; 

3 Overview: Upon completion of this lesson, you will learn and properly apply 
3. overview ^P^_^^^^^^ ^^^^ ^^^^ ^^^^^^ t±tBn±am and titanium alloy 

sheet. r' : * 



4 . Mstivation: 



Presentation: 

(Refer to objective 9a5 



BODY 



Time: 9 hrs 40 min 



1. General information 

a. Melting point of commercially pure titanium 3140 - 327# F 

b. Discovered in 1795 

^ " Show Trainer 4404 Tungsten 

2. identification . ^ ^^^^^ shielded welding 

a. Grinds very slow and gives of f specimens 
bright, ^ite sparks with traces ending^ 

in briiiiant^'iiite bursts. (Spark Test) , 

b. Aircraft parts fabr^uated of titanium are identified by, the word "titanium" 
etched of staape^^ od the part. 

c. Identified manufa^ers code and specification no^er stamped- on sheet, 
b«r, plate and tubing^stcck. 

^. Hydrochloric acid :tes3: 

(1) Used to distinguish between commerciaiiy pure titanium and its ^loys 

" (2y Put piece to be id^tified in 50cc of hydrochloric acid -Csblution will 
b-iccme ridlet after 1 hour) 

(3) See of solution, add 3% of .hydrogen peroxide 

(a) CoSercially pure strip will 

turn orange-yellow . i 

(b) alloy of titani^ will 
turn a deep red-orange 
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Characteristics 

a. bight we IgHt * ' 

• • 

(1) Compares favorably to stainless 
' . steel at: temperatures bslow 

. * 800-900 degrees F - 
■• • _ _ ^ * .' _.* ■ * _ ' _ 

(2) . tighter than stainless steel and 

slightly heavier than aluminum 

b. Xorrbsioh resistant 

' (j) . Greater corrosion resistance than 
^ aluminum 

(2) It appears that t ; tan iUrri; will, replace^ 
. ^luSIauiTi in aircraft where high strength 

* ajid resistance to sea water are prime 
considerations 



Some uses of titanium 

a. Ai rcraf t skins 

b. Frames 

c. Hydraulic lines 
Cdmpcsi tion : 



a. Cbmmerciany ptlre 



b. Al joyed with aluminum, manganese, 
• Irbrr^ cltrdmium and carbon 

Welding techniques 

a. Most v/eldments are made v/ith 
commercially pure titanium 

b. - Stronger alloys are hot suitable 

for welding* because of brittleness 
along the heat affected zone; 
' (Alpia ahd Beta tj/pes) 



ERIC: 



103 



Show Film: FLC 8I6O 
Sow to Weld Titariitjm 
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c; TI6 ar Rl6 is the- only process 
^reconwended for welding titaniam 



(i j ReaSbn-cbht rbl led atmosphere-. 
► ' (argon & hel iumj 

(2) Can also be spot^wejded or silver 
soldered ' * . 

(a) Only used For glueing applications 

(b) Cannot be used to obtain strength 
of base metal because of absence 
of inert gas ^ 

(3) . Argon or hel rum^r a mixture of the 

tv?o are used to dispell oxygen and 
hi trogen I al lowing welds to be made 
that reach base metal strength '4 



Purge chambers 

(iy Impractical for air force use 
(2) Waste gas, butcly and expensive 



^ 7. Weld butt joints of titanium to Modern 
^ Welding Specifications 
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a.' Preparation: of metal 

(ij Solvent dcgreasing 
CVapdr degreaser) 

(.a) Flot trichlorbethylehe 

(180 degrees F) ^ 

(b) Used to remove organic con tam- 
^ inahts (Grease^ dllj etc) 

(2) -efiemical Pickl ing 



ERIC 



(a) 


Time - 1-20 min 




(b)- 


80-160 degrees 






Rinsed in hot v/ater 






Alkal ihe dip Used to 


rernd.ve 




organTcs (Grease, bi 1 


, etc) 
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(a) Used to remove inorganics 

' (Rust i scale bxi des) , : " 

ik) -Grindipg, Wire Brushing e'Emery'' 

Cloth ' ^ ' . : / : . S 

- - ■ i » ■ . - - ^ . > • 

Melding titani um , : :: : - -. —..^ ^ ' 

(1) Ndn-cdnsumable or consumable . * " > 
inert gas shielded welding ; " 

•may be used ^ \ 

(2) ' Shielding Gases * 

_ . _ _ _ • \' ' 

(a) Argbh or helium or both 

X Argon gives a more stable arc 
than heli am 

2 Argon is Heavier than helium ' ; 

. arid i^ preferred for open-air - 
welding because of i t|^ blanketing . . 

effect • • 

(b) Filler rod should be kept under 

gas shield to avoid oxidation * - 

^ ^ of hot filler rod 

(c) Trailing shields ''^ v 
2. Extend behirrd torch . 

2 Porous diffusion of gas 
(argon Z atmosphere) 

. * (dj Baffles • ' " ' z 

• . 1 Helps keep gas around 

"".weld area . 

2 Helps keep atmosphere avvay 
*~ from weld area 

(3) Current 

(a) Direct current straight polarity 

(i*) - TIG - 2t thoriated tungsten eUctrode - " 
* . - (helps keep a steady arc) ; ^ : 



SfSEI 
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• • _ " _ 

- ..c. • Jotnt Preparation o 

{]) * Remove sharp edges or burrs 

(2) TorcR angle - 75-90 degrees 

(3) Position gas shielding and back-up 
gas (use generous cup size) 

d. Weld specifications . 

(1) Peoetratlbn - 100% T 

(2) Bead width' - 2-3 T 

(3) .Reinforcenient - 5-301 t 

3. Practice safety in perfbrmahce of 
required tasks 

a*.-^ Remove all jewelry before operating 

-i... equipment 

'_ - _ - - - 

bl Wear protective clothing. 

C; Check water, gas , power cables 
and water. cables 

^1. 'Demons t ration 

5. Practice good housekeeping consistent 
with safety and fire prevention 



APPtlCATIdN: 



1. Student will be given material and 
welding equipment for welding butt 

• joints of ti tanium 

2. Prepare joints for wefding 

3.. Weld Joints to specifications 
U. Observe all safety precautions 
EVALUATION: 

1. Student will be given assistance 
when necessary 

2. Weidswill be visually inspected 
for BeigSt, widths iDverlap^ under- 
cut and penetration 



Students will use equipment in shop. 
1. Inert Ga^ shi^ded welding station co 

Rectangular dri bel bubble, (3) cleaning 
equipment ; 



Am. 



Siinmazy: 
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1. Preparation of metal 

2. Set up of joint 

3. Shielding gas 
4. 

Assignment : 

i. None ; 

■ " nroiQPPC^^ DAY' S"TKSTRUCTION 

1. R^otivatibn 

2. teview 

a. Preparation of metal 

b. Set up of joint 

" ^ c. Weld specifications ^ 
Overview: Welding butt joints of titanium and titaSium alloy sheet. 



DAY 15— 



Application: (Continued) 

1. Given material and equipment for welding 
titaniiOT butt joints student will: 



a. « Prepare joint 

b. Set up of joint 

c. Weld joint' to specifications 

Evaluation: 

^ _ _ _ S 

1. Student will be checked during 
the accomplishment of the project 

2. Assist^ce will be given when necessary 



Students will use equipment 
in shop: 

E. Inert gas shielded welding 
station complete 

2. Rectangular Dr. tell bubble 

3. Cleahihg equipment 



S^' - . . _ • V. " ' 

S;: • . -' ' CONCLUSION • Time: 10 min 

— , »• 

.^V . ,•«.... _ o . 

g : 1. --Summary:.- - - — . — " 

• .a. Preparation of ttietal - 
Si - Set up. of joint " 
' c. Shielding gas , 



55 - 

8. 



1. CTT Assignment: ,POI objective la POI time 2 hours 

Read 34BR53131-SG-601 and answer questions at end of chapter, 
3, Remot Jsa^ion: 
4/ Closure: 
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:APPR9</At. or jiCE AND OAT.E) . 



imSI «UCtOn 



W^tHs Processing Specx^lXst^ 



BLOCK TITLE Inert Gas Sliielded Welding of High 
Performance Ai rcraft M e t al s 



LESSON tiTtE 



Joints o f ^hromoloy - 



LESSOM DUWAHOM 



CLASSROOM /liaboratoiy 



D & D i 



erf 11 lirs 



Complementary 

Ij hrs ' __ 



TOTAL 



16 hrs 



_POI REPEREMCE 



PACE NOMOER 



39 



PACE 0*TE 

23 Sep 



PARAGRAPH 



StVCTS REFERtNCE 



NUMBER 

grs ^31X1 



DA^TE •> 

- -^1 Ma ^l97S 



SQ PEPVISOR APPROVAL 



SIGN AT uf^E 



SIGNATURE 



&A^- 



tATlOtJ 



JOtJiPHEMT J.bCAtED 
IN LABO'RATbRY 



1- 



Inert Has 
Shielded Welding 
Station Complete 



2- 
3. 



Po\a6r Shears ^ 



EQgi^HC#»r_ 
FiROM soppcr_ 



CLASSIFIED M* TERiAL 



None 



GRAPHIC *«PS Ji<P 
0 NC C^^W/ €D A4r»rERtAt- 



1. 3ABR53±3i-SS-507 



CKITERrOM OI?;IEglTlVgS AND 7 EAC^MG STEPS 



a. 



D* 



Given inert gas shielded welding equipment and: chromoloy specimens, iset up and 
weld lap i bints free of excessive penetration, overlap, and undercut for a total 
coSined distance of no less than 3/4 of the length of the specimeix^ excluding 
the firit 1/2 tach start and the last 1/2 Inch finish. Ml shop safety, good . 
housekeeping and fire prevention measures must be observed. 

GivWinert gas shielded weidtog equipment and _chrdmploy specimei^Si-jset up and- 
weld butt Joints with 100% penetration, ;free of overlap and undercut, for a total 
combined distance of no less th&n 3/4 of the length of the specimen, exciudi^^^ 
first l/2:inch start and the last i/2 inch finish. ^1 shop safety, good house- 
keeping and fire prevention measures 'must be obsp^ed.' 

Given Jie^t gas shielded welding equipment and chTOmoloy specimens, set up and^ 
weld tee Joints S^e of excessive penetration, overlap, and undercut^ for a to 
combined distance of no less than 3/4 length of the specim^, excluding t^^^ 
first 1/2 Inch start aid Se last 1/2 inch finish. All shop safety; good house- 
keepings and .fire prevention measures must be o^served# 

reaching step s are listed in P art Ii# Ji— . 



1. Attention: ; 

2. Review: in the last class you learned how to prepare and set up for welding 
_ ' A-286 metal according to specificat ions . Your applic ation inclu ded 

. " welding a butt joint and tee joint and learning a^jout the character- 

istics bf_Ar286. 

Evaluate CTT assignment arid critique missed items. > . • 



Overview: Upon completion of this iessbny students w^ learn and ap 

proper procedares for welding chromoioy butt, lap and tee joints 
in the flat position according to specifications. • i^v^ 

Hbttvatidh: ; :^ . 



BODY. 



Time: 11 hrs 40 mih 



Presetitatidti 

(Refer to Objectives 7a ^ b) 



ii General Informatibh 



Show trainer:: 4404 Tungsten 
Sert gas (TIG) shielded 
welding specimens 



a. Weld repairs on chrombloy parts 
should be performed by certified 
welders. 



^ Iron base 

Ci Meets the medium-high temperature 
service requirements needed in the 
jet engine turbine section. 

d. . Normalized at 1725 degrees F for 

2 hrs then air cooled. 

e. Chromoioy is one of the easiest 

of .the super alloys to weld. > 



2. Weld butt^ tee and lap joints of 
•*. chrbmbloy to Tspecificatidns; 

a. _Pr.eparatibTi of chrbmblby f br 
. - welding. 



(1) Cleaning 

^ (a) Vapor degrease to remove 
grease arid oil. 



< . 



(2-) clean area to Be welded 



(3) Tack and check aiignment 

(4) " Run root or penetration pass 

(5) Use striSger beads for filling 
vee 

(6) DCSP 

d. *G6bd Housekeeping 

(1) iJaf ety^ ^asures 

(2) Fire prevention * 
APPtleATiON: ; 

1. Studmts ^11 weld stainless^steel pipe 
butt joint iAW TO 34W4-1-5 and SG-601. 

. ^ 

2. Students, will weld stain^ tee 
joint Ififf 34W4-i-5 and SG-601. 



3i All safety rules and good hbusekeepihg 
wiii continue to be observed at all times; 

EVALUATION: . ^ 

li Instructor will, assist and check e^ch 

student for proper , welding procedures and 
for their observance of good housekeeping 
and safety. 



$1 



MP OF DAY 'SUM^teig 



Stiinmary : 



eXT Assignmeht;: _ - * 
Pdi item laf lb, 2 hrs 



1. Types of Stainless steel 

2. Types of filler rod 

3. Welding procedures for butt 
^ joint _ ^ _ 

4i Good housekeeping and. shop 
safety ; 

1. .3ABR53230-SG-&02 and answer 
questions. 



INTRODUeTION TO NEW BAY'S INSTRUiETION 



(D^ 2, 2 hrs) 

iT R^in¥£ivitibtir: Rastatfe previous 

2i Review: ^ . • 

a. Evaluate GTT assignmeat critique missed itetis; 

b. Types of stainless steel pipe 

c. 'Lyfes of filler rod 

d* Welding procedures and tecimiques 

e. Safety 
3. Objectives to be covered 

1; Welding stainless ^teei tee joint 
Application: (cont) ' 

1. Students will cphtihue welding stainless 

steel pipe specimens in accordance 4 

__jflith:JS0z:3Mlt^l-5-^^ Instructor 
\rtit-assist when necessa^ - 

2. All safety rules and good housekeeping wilj 
continue to be observed at all times. • 

EVALUATION: " " ' • - : ^ 

i. Students will turn completed butt and tee joints ^ 
of stainless* steel pipe. Provided they meet all 
required criteria. Performance of students in 
fi^bp safety and fire prevention will be considered. 

2i/ Given a series of questions cbhcernihg welding 
v procedures' and tecto of stainless steel 

J pipe welding, sttidents are. reqtilred to select ' 
.. correct responses with^a minimum of 75% 
accuracy. • - - 

eONCLUSIDN: , * v \^Time 

i. SuSary: 

a. \,Type of stainleSs steel pipe 



Bi Type of filler rod 

Weid procedures for tee joint 
- « d, Gbbd housekeeping and sfebp safety 
2i €TT Assignment: \ ■ 

a. Read 3AE<53259-S6-602, «cd answer questions, 
.^'^ POI item 2a y 2b i (4 hrs) 

3i Rembtivatibn 
4. Closing statemmt 



INTRODUCTlCfN TIME: 10 miti 

1. Attention: Welcome to Block VI 

2t Beview: Cover aspects and procedures of heli-arc welding which students 
" learned in Block V and relate them as in^ortanf for the skilled 
welder to know in the field. Evalutate CTT at igriment. Critique 
missed items. * 

3. Overview: Upon coii5)letidn of this lesson, students will set up and weld 

stainless steel pipe while observing all rules of good house- 
keeping and safety. • 

4. Motivation: You now are proficient.in welding S/S sheet so we how will ' 

try S/S pipe, with 360° weids. ; 

V ^ BODY TBffi : 7 hr 40 min 

PIESeiTATieN: . ^ _ * 

Ref. Objective ?x ' — 

i. Students VI ii participate in discussion 
of various procedures for v:eldi:ig 
* stainless steel pipe in the vertical 
f'Ositiohi 

a. Types of stainless steel for v/eldihg . ; . 

pipe. 

(1) 321 - titanium stabilized stain- 
less steel 

(2) 347 - cblOTibium stabilized stain- 
less steel - ' V. . - ' ■ 

(3) Extra low carbon stainless steel 

b. Types, J3f 'filler- Jrbd^fa^^^^^ ' , ; 

" " ~ pipe ^ - 

^ (i) 321 : ^ 

(2) 347 

Ci Welding Prbfeedure 

(1)' Form pipe bevel to a standard vee 



_(b) Grit-blasting inayJba-j^ to 
remove dirt,- rtist and scale. 

. i If grit blast is used, the 

" surface shall be polished 

with a rotary 'staitaess steel 
brush to remove blast residue 
from the surface. 

Prepare crack for welding 

(1) Completely grind but any crack 
that does not penetrate the 
material. 

(2> For through cracks grind but to a 
depth of 50%_ bf metal thickness^ 
keeping width to a minimran.. 

T3) Weld iffieffiately aft^r _pr 

(700-800) degrees F and stress 
relieve immediately afterward. 

(4) Check for cracks 
Welding equipment and material 
AC-DC rectifier welder 



Water cbbled torch 
Tungsten electrode— 2% Thoriated 

Argon gas- for i>rimary shielding, 
helium for bacfc yp sh^ 

Filler rod ; 

(a5 Sheared stock 

(b) Copper coated filler wire- 
to ^protect wire from corrosion 

Joint preparation 

I- ■ , ■ ' • 

(i). Remove sharp edges or burrs _ 



(1) 
(2) 
(3) . 

C5) 



(25 Spacing 2 T 

(3) Shieiding gas— 12 cu. ft-/hr, 

(4) Back up ^ - 3-5 cu. ft-/hr. 

(5) Torch angle 

(a) Butt- 75-90 degrees 

(b) Tee - 45 degrees 
e. Weld specifications 

(1) Butt 3dint 

(a) Penetration - 100% T 

(b) Width - 2-3 T / 



c _ _ 

(c) Reinforcement - 5-30% T 

(2) Tee joint 

(a) tegs - 1^ T 

(b) Penetration - 100% T 

(c) Bead shape - slightly con- 
cave to slightly convex 

'3. Practice safety^ in performance of 
required tasks . 

~T av -Remove all" jweiry before operation 

of equipment ; ' 

b. Wear protective clothing 

c. eheck water, gas^ power 'cables : and 
water cables ^ 

4. ^ Demonstration 

5. Practice good housekeeping consistent 
with safety and fire prevention. 
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Application: . 



Student will he given material and equipment 
for welding butt,' lap, and tee joints of 
chromoloy. 

1. Prepare joints for welding. 

2. Weld joints to specifications. 

3. Observe all safety precautions.' 
Evaluation: 

r.. Student will be given assistance when 
necessary. 

2. Welds will be visually inspected for 
height, width, overlap, undercut and 
pehetratibh. -.^ 



Students will use equipment in 
shop. Inert gas shielded 
welding station complete, cleaning 
equipment^ power shears. 



END OF DAY SUMMARY 



Summary 

1. "PreparatiQn of metal 

2. • Welding Procedure 
.3. Shop safety ' 

CtT AssiRnient: . : 
1. Read Modem Welding Para 22-6 thru 22-11 ' 



I 



DAY 11 



INTRODUCTION -XO-NEi; -DAY 'S- 



DAT 12 



Evaluate CTT and critique missed items. 

1. ^ Remotivation 

- - ..J 

2. _ Review 

^* •. • 

a. Welding equipiheht and _ 
materials - . 

• b. 'Welding procedures 

c.' Weld requirements 



3. Check- on home assignment 



; "3/ 'Overviewi Weldings butt arid tee joints of chrotnoloy (Objective 7b, c) 

/SPtieAtieS: (eont) ^ . • :4 . Ml . -.- 

Students wxll use equipment in 

j- — -4 1-1 T«^f-=:,.4^i shop. Inert gas shielded weiding 

student wiU be given materxal and ^.^^ complete, cleaning 

equipment for welding required joints. equinment, power shears; 

1. Prepare joints for welding. ^. : 

2. p Observe ail shop safety. * 

EVALUATION: ^ 

. !• Student -will be checked for proper 
'o weiding procedure ' 

- Assistance will be given when 
necessary 

CONCLUSION Time: 10 rain 

*^ " % , 

1. -^Sunsmary * 

• *** ^ ■ 

* :• _ * 

.a. Preparation of metal 

' b. Shop safety 

. ' POI objective 8a POI time 2 hours 

2. err assignment: j 

k. Read 3ABR53131-SG-5b8 and answer questions at end of chapter. p 

B.. Review notes taken in class — n::? 

.' - ji:^"^ 1J_-_1 

3. ' Rembtivation: ^ 

4. ^^dsure: 
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_C RAP HJC_ A I OS AND 
DNCC ASSIFtrO H A T g R I A U 



1. 3ABR53131-SG-602 

2. TO 00-2S^22iL . 

3. Charts: CAFE 
63-502, Pipe 
Welding - Welding; 
Sequences 



CRIIERJON OBJECTIVES AN^ T EAQJ lNC STE P S 



Given- inert gas shielded v/elding equipment and alumintm al^ pipe and tubing 
specimens^ set uj) and weld butt ^oiiits with lOOJ^. penetration, free of overlap ^ 
and undercut, for a total cbmbihcd distance of ho less_than 3/U of the length 
of the weld* ^1 chop cafe.ty, gc . housekeeping, and fire prevention measures 
must be observed. : • • . 

Given inert gas shielded, welding cquipmont and aluminum alloy pipe and tubing 
specimens, set up* arid weld tec ijpihts. with 3(^ to 8C^ j)cnctration, • free of^ 
overlap amd undercut, for a total combined distaJicc of no less than 3/I4 of the 
length of the \;eld* • All shop safety, G^od hbusckcepihg, and fire prevention 
measures mxist be observcd» * • 



Teaching steps are listed in Part II. 
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INTRODUCTION TIME: 10 min 

• « _ 

iJ Attention: Stainless pipe wasn't hard how for alum._ 

2i Review: Discuss iitiportant points of ferrous aiioy pipe weiaihg cbverec ^n 
• * previous lessbtlv Evaluate CTT Assignment. Critique missed items. 

3, Overview: Upon cbmpletibh of" this lessbn^ students will set up and TIG 
weid specimens of aluminum alloy pipe: Jbints to be welded 
are butt and tee welds. _ 

A. Motivktibh: Alum is not hard"£b ^elc neither. - 

BODT TIME: 7 hr 40 min 




PRESENTATION: . ^. 

Ref. Objective #1 and 2 , 

1. Students will discuss prbcedures 

involved in welding butt joints of 1 . 
aluminum alloy pipe in the vertical';^ 
position. ' ' ^ V 

• ... V -\. V 

a. i Types of alUihiriuih for welcing,' 

■ pipe. • . - ^ 

(10 3G03. 

(25 5052 " • " ■ 

* 

(3) 6Q51~F 

__ > _ _ • 

b. ^^^H^rr rod for aluminum:-. . 

/ (1) 4043 - alloyed with 

, sf licbh - ^ 

' _ ^. _ 

(2) Sj&ear stock or base metal 
rod . • . 

c. Welding Procedure: 

- (1) Fbrm pipe bevel to a 
standard vee 

(2) Clean area to be welded 




(3) Preheat with TIG torch 

<4) Tack at 3 or more locations - 
make them small with 100% 
pehetratibji ' 

(5) ...Weld root or penetratibri pass 



(6) 

(7) 



Use stringer beads for filling 
vee 

Cover beads can be either 
stringer beads- or weave beads. 
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^ (8) -ACHF , . 

APPLICATIOT: - 

1. .Students will weld butt joints* of aluminum 
- . alloy pipe in the .vertical position^ while 
observing good housekeeping, shop safety 
arid fire prevention.. * ^ ' 

EVALUATION: 

' Instructor will ch^ck for proper irelding 
proc'^edures , arid insure that all rules ^ of 
good housekeeping, safety and' fire pre- _ 
veritidri^'are^ljeing followed.* ^ 

Students will turn in a butt joint of ' 
^ , aluminum afloy pipe, which will meet 



requirements 
checklist. » 



-J 



in the criterion 

END OF f)AY SUMMARY 



/ 



Summary : 



err Assignment! _ _ 
P0i Item 2a, 2b. 2 hrs 



i. Types of aluminum pipe 
. 2. Filler rod ^ 
3. Welding Procedures for • 
butt joint ^: 

1. Read; 3ABR53230-SG-602, 
Answer questidris 



c 



INTRODUCTiON TO MEW DAY^S INSTRtjeTEQN 
(pay 3, 4"hrs) . ~ 

li iteraotivation RiA - . ' 

2» Review: 

a, " Evaluate CTT assignment. 

eritique missed^ items i 

Jbm Types bf aluminum pipe 

b. Filler rod 

d» Welding procedures 



3. OSjectives to be covered 

a. Weld procedures 

PRESENTATION. (Cont) _ 
Ref . Objectives # 1 S 2 

' c 

1*. : Students will discuss characteristics 
of a pipe tee joint of aiur^pum alloy 
and the procedures involve cSfeti proper 
,^^et-\ip and welding. 

* a. Welding procedure 

• (1) Insure proper bevel and 

fit-up bf pipe specimens for 
' • the tee joint 

(2) eiian area to be welded-,* ; " 

' * 

(3) Preheat entire joint set-up 
^ with TIG torch. 

(4) -Tack evenly and cheiik fbt 

proper alignment 

(5) Weld stringet beads , observing 
' all proper specifications. 

(6) AQIf'" \ 
APPLieATION: 

1^ Students will weld aluminum alloy pipe 
tee joints in accordance with TO 34W4-1-5 
and SG^602. 



^- : 2: All safety precautions^ fire pre- 
yention~and good housekeeping' wtii 
ije observed at all titnes. 

. EVM-UATION:, ' ' : 

li instructor will check for proper 
welding procedures, and Insure that 
• all rules .of good housekeeping and 
fire prevention are being, fdlldwed. 
Assistance will be given as heeded. 

2. Students will weld and turn in a tee 
joint of aiundnum alloy pipe, "which 
will tneet all reguired specifications 
and criteria. ^ . 

- 3.^ Given a series of questions regarding 
aitSdnuin alloy pipe welding, shop safetj and. 
fire prevention, students will answer coi^rect 

V responses with 75% tninimum accuracy. 

CONCLUSION: 

ii SuSiary: ' . 

a. Types of aluminum pipe 

b. Filler rod' ' ^ 
: Ci Set up of j bints 

. d. Welding procedures for t^e joint 

2. CTT AssigrtTnent 

POI Items- 3a,3b^3c,3d, 4 hrs 

a. Read 3ABR53230-S6-603, Answers and 
Questions 

3. Remotivatioh * 



Closing statement 



Lesson pLan ( p«m i, Ceherei) 



A PPROVA L OF r ICE AND Ofjf ,S 



INSTRUCTOR 



COURSE NUMBER y 



COURSE TITLE 

Ketal's Prbecjssihs: Soccialist 



8LOCK NUMBER 



BLOCK .tjXLE Pipe, Tubing, and Aircraft Exhaust and Jet- 
Enyrine Hot Section Re-palr 
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^ LESSON DURATION 



Cbmplementary 

I4 hTS 



TOTAL 



22 hrs 
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-STS/CT-S-R^FE RENC£ 
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SIGNATURE 



DATE 



SIGNATURE 



DATE 



PRE.CLASS PRSPARATiON 



CQUtPMCNT LOCATED 
* IN LABORATORY 



!♦ Inert Gas 

Shielded. Welding 
Station Conplete 

2# Pnarmatic Erindef 

i. Trainer 3215 

-Cleaning Equipment 
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EQUiPMENt 
FROM SUPPLV 



Toolkit 
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GRAPHIC >IDS AND ^ 
UNCL ASSiFiCO >jU 7 ERiAL 



1. 3ASH53I3I-SG-6O3 

?• .TO 2J-C Series 
3. TO 2J-1-13 . 



CRITERtON OBJECTiygS AND TFACHING STEPS 



a. Without _refe3?encE:, state the fimctions of ^ various ^et engine hot section part-s 
vith 7^ accxiracy. • . - 

bi Given TO, identify ioca±ion and service requirements perfcainihg to ^ jet engine 
hot section parts without errors 

c* Given technical orders > select cleaning methods, repair procedures, and 

techniques for -weld repair without error. 

.* ' 

di , Given inert shielded welding equipment and. jet engine hot section parts, set 
. ' up and make butt paSch weld repairs with 100^ penetmtibn,. free bf overlap^ _and 
undercut^ for a total combined distance of no less than 3A_of ;the length of the 
weld excluding l/'2 inch at the stare and finish. All shop safety, good hoiosekeep- 
iiig, aiid fiit2 preyentibn measures must be observed. 



caching steps axe listed in Part II. 



ERIO 



roRM 



• - • INTRObUCTlbN ttm: id min 

li ; Attention: What is a biitt p^tch? 

2i Review: Briefly mention^ the . iinportant^ skills learned in pipe welding. . 
Evaltiate CTT ass i^ment, critique missed items. 

3*. Overview: ' Upon cdmpletion of this lesson "students will be familiar with • 
jet engine hot section cdmpdnents^ know how to use the 
applicable tech orders | aiid weld patches on the various 
-hot section parts. ' 

4. Motivation: Now is the time to start on Jet Engine parts. 



" BODY TIME; 17 hr 40 m1n / 

PRESENTATION [ ^ ~T~ ~ 

1. Students will participate in 

discussion concerning the Ipcatipn, 

fiinctibn^ arid service requirements - : . - - ■ 

of the varioxis hot section parts. 

a. Area of hot section- 
Between compressor and ttxrbihe" 
section. 

b. Parts composing the hot 

section: ^ . 

(1) Tr^sitioh duct 

(2) Combustion iiner^ 
assemblies * 

(3) Inner- cdnfliustion cas * 

{45 Outer cbmbiistioh 
casing * 



Function o£ the hot section: 

(Jl) Fuel is in j ec ted and 

air is ■ forced into combiis- 
tion^liners througli the 
transition duct. 

(2) Fuei-air irfxture is; 
then supported and ignited 
in the hot section, - 

(3) Resulting gases rush ^- ^ 
from hot section to 

• turbine, thus driving the 
-compressor wA accessory drive 
section* 



d« .Service Requirements:' 

(1) Weld repair of parent 
metal cracks 

(2) * i^^P^^or ^fpi?5^?^^^ 

of burned and eroded metal 

(3) Repair of budkles and 
bulges' 



1, Obtain the proper -6 series 
Tech Order . 

2i Knew -the ' proper .nomenclature 

of the part and Ibolc it up in the 
table of contents or index i 

3. Locate part in Tech Order, 

4. Turn to the appropriate, page « 
^d paragrapliy and check for 

insttuctibhs and further references 
^ given stich as: . . 

a. Serviceable/repairable 
table for the particular 



ff 



1. Conducted throughout iesson. EODS 



2 

6 



END OF DAY SUMMARY 



Bay 3 
SUHHARY: 



err Assignment: 

POi .items 3a, 3b, 2 hrs 



1. 
2. 

3. 



1. 
2. 



. REVIEW: 

Function of a'et engine hot 
seetieh parts. 

Identify loeatlen and service 
requiren«nts of jet engine hot 
section parts. 

i.. ' - 
Cleaning methods, repair 
procedures i and welding 
ihiques. 



Review 3ABR53131-SG-603 
Review - TO 2d-l-13 



INtRODUeTieN T0 NEW DAY'S INSTRUCTION 



(Day 4s 6 hrs) 



PRESENTATION 

a. Weld Data Table . 

b. Cleahi^hg methbds 
reqdi remehts 

c. " Acid etching; (if 

appl 1* cab! e to the part) 

6i Welding Procedure 
(1) Current Setting 



BODY 



1. Evaluate CTT assignment 
critique missed items. 

2. Remotivattoh 

3. Review 

a. Jet engine hot section 
components 

b. Use of tech orders 

4. Overview 

a. Cleaning methods 

b. Repair pcbeedures 

c. Welding teehriiques 



• (2)^ Back-up and shield- ^ : 

ing gas flow " 

(3) Other important _ 
data such^as cautions 

and suggestions. ^ . • *; 

d. Weld Specifi cations 

(1) Bead height" arid 
-Width 

(2^ Penetration ' - ^ • _ . . 

(3) Prieumatic -grinding 

arid tolerarices allowed. \ 

(4) Stress r^lievi rig 

requirements, if any ' - z : 

•1. Use tech data at all times.; 

2. Hafce sure patch repair metal 
is the same type arid thickriess 
as prescribed in tech order. 

3. When making patch: - 

dii. Cut out defective area 

with a hack saw arid In • • _ 

accordance with the TO. 

b. Make template^for 1 . - 

shaping thepatch and 
form to contour and size 
accbrdlrig to tech order ' 
specifications. 

4.. Clean the area as outlined 
in the tech order. 

5. . When using the pneumatic 
gri rider: * 2 ^ 

a. Make sure wheel with ^ 
proper RPM rating is used. 



^ b. eheek whe^l and* grinder 
for defects. 

Alwas^s use a face- 
shield. ; 

d. No aewelry or improper 
clothing. 

e. Never tap §rihderqh 
part while grinding . 

f. Never hold' grinder -in 
one place dh the part for 
too long. 

g. Keep grinder moyihg 
smoothly and evenly^ 
avoiding nicking edges_,- 

1-ouverrretc. 

h. Airways disconnect air 
from grinder when hot Using 
it. 

6. When welding the patchy _^ 
insure full compliance with the 
appropriate tech order as to: 

a. Proper current setting . 

b; Proper shielding ind 
back up gas pressure; 

-H^i Proper filler wire and 
tungsten type and size 

d. Proper spacing and 
tolerances J if any 

e. ' AjDplicable specifications ^ 

suggestions and precautions. 

7. dbserye all measures of safety ^ 
good housekeeping^ and fire 

• ~ prevention. 

APPbieATION 

1. Given the appropriate TO 23-6 
series, sutdents will use this 



• publj cation to determine cleaning 
irethods;,_repair prqced^^ 
techniques for weld repair without 
error. . 

2. While observing -all measures of good 

housekeeping^ safety, and fire prevention^ 
sutdehts will set up and weld butt patches 
• on jet engine hot section parts on full 
atcbrdance with TO 20-6 series. 

EVALUATION 

Instructor will check each stuc^ 
prbper--€ompT^^ 

series , correct wel ding procedures , ' 
specifications, observance of good house- 
keeping, fire prevention and safety. 
Assistance will be gTVen as needed. 



END OF DAY SUHHAffl^ 
Summary: 



GTT Assignment: 
(Day 5, 6 hrs) 



P0I items 3c, 3d 
(2 hrs) 



1. Use of tech data 

2. Patch repair 

3. U^e of pneumatic grinder 

4. Welding procedures for 
repair 

1. Review 3ABR53230-SG-603 

2. Review TO 2J.1-13 



INTRODUCTION TO NEW DAY'S 



APPLICATION: (cdh't)_ 
Ref. objectives #1, 2 S 3 



INSTRUCTION _ - _ 
"T 'Evaluate GTT assignment 
Critique missed items " 
\ 2. Rembtivation 

3. Review: : 

a. Tech data 

b. Patch .repair 

c. Use of pneumatic grinder 
d; Welding prbcedures^or 

patch repair 

4. Overview.: — 

a. Cleaning methods 

b. Repair prpce<lures 

c. Weld repair techniques 



1. Students will continue to use the 

appropriate TO 2J-6 series to determine 



cleaning methods, repair procedures 
arid techniques for weld repair without 
err^r; " 

•r» - - — . - 

2. Students will continue, to set Up 
and weld butt patches bh jet engine 
hot section parts in full accordance 
with the TO 2J-6 Series, All rules of 
good housekeeping, safety and fire 
preveriti bh will be observed. 



Summary : 



END OF BAY SUMMARY 
. 1. 

3. 
4. 



ignmertt: 



1. 
2. 



Use bf tech data 
Patch "repai r .~ 
Use of pneumatic grinder 
Welding prbeedures fbr 
patch repair. 

Read 3ABR53230-SG-004, 
Answer questions. , 
Read TO 2J-1-13 



INTRODUCTION TO JtEM^DAY'S If 



(Day 6 4^ hrs) 



1. Evaluate CTT assignment, 
critique missed items.. 

2. Remotivation 

3. Review: • 

' a. Use ^f tech data . 

b. Patch repair ^ : 

c. Use of pneumatic grinders 

d. Welding procedures for 
patch repair. 

4. Overview: - 

a . - El eani ng methods 

b. Repair prbceduris 

c. Weld repair techniques 



APPLICATION: (ebri't) 

Refer oBjectives #1, 2, & 3 

1, Stud ents will. continue to use 
the apprbpriate TO 2J-6" series to 
determine cleaning methbds , repai r 
procedures and techniques fbr weld 
repair without errbr. 



7 



8 • - • 

Z. students coritihUe- and cdm- 

S3lete their work in setting tip and 

welding butt patches on jet engine 
- hot section pafts in full compliance 

with JQW-S series. AH rules "of ^ 

good housekeeping', shop safety, and 
; fire prevention will be observed. 

EVALUATieN* 

1. Students will complete and turn 
in their butt patch welds^ which 
will meet a>l standardS'>.of the cci-_ 
terioh feheeklist, and all specificat- 
ions and requirements contained in 
the €ippropnate T0 series. 

2. Instructor will check each student 
for proper compliance with TO 2d-6 
series, tdfrect welding procedures, ' 
specifications^ observance of good 
housekeeping, fire pre veh and 
shop safety. Assistance will be given 

' as needed> 

3. Administer appraisal test, 
ecncl us.f bh 

1. Summary 

/ a. function of hot section 

b. parts of hot section 

c. use of -6 series TOs 

d. welding procedures 

e. p^atch repair • 

f. weld specifications 

g. use of pneumatic grinders 

h. shop safety 

2. err assignment: POI item 4a, 4 hrs 

a. Read 3ABR5323Q-SG-604, Answer questions 
: 5. Review TQ 2d-l-13 ^ 
^ 3. Remotivation 

4. eiosihg statement 



Time: 10 Min 
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irt Gas 
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Statioi 



.Welding 
Cditjplete 
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EqttLpnicnj 
Selec-Sed Gontennbc 
Defective Part(s) 



2 . Ene 
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h. Cle 



alnep 



EOU»PMEN1 
FROM SUPPLY 



Toolkit 



CLASSIFIED MATERIAL 



None 



G RAP HIT. A I A NO 

> uN CLAssincb MATrRt,AL — - 

1. 3ABR$3131-SG-60it 

2. TO 2J^1-13 

3. TO 2J-6 Series 



CRitERiON OBJECTIVES AND TEA CHING STEPS 



a • Gidn inert ^ shielded ^velding equipment and det engine hot section parts, 

Sup SfmS fillet patch veld repairs free of excessxvc^netj^on. ovcrl^^ 

• SSdScub--fo^ a total combined dictoncc of no lesr. than 3A of -the len^h of 

• S Sid, oxcludinc the 1/2 inch at the ^tart and f.n.r.h An chop safety, 
good hoticekccpine, aiid fire prevention lacasures inust he observed. 

Teaching steps arc listed in Part II. 



INTRODUCTION 



TIMD: 10 min 



Attention:- Conserve, conserve, conserve! 1 1 



3* Overview: 



2, Review: Cover important aspects of butt patch repair learned in 
lesson 3ABR5 3230-603. , Evaluate CTT assignment critique 
missed items. 

Upon completion of this lesson, students will set up and 
make fillet weld repairs on jet engine hot section parts. 
Work will be done only.in full accordance with the appro- 
priate TO 2 J-6 Series while all rules of shop safety, 
good housekeeping, arid fire prevention are observed. 

tivatibn: By using proper Tech Data will keep your ass in a safe place 
Appropraite -6 TO ^ . ' - • 



4. Mo 



BODY 



tlME-11 lirs 40 nifn 



PI^SENTATIdN: 
Ref-objective #1 

1. Obtain the proper -6 
series tech order. 

2. Know the proper riomericla- 

ture of the part arid look it 

tip in the table of contents or 
index. 



3. Turn to the appropriate _ 

page and paragraph^ arid <3ieck 
for instructions and further 
references given such as : 

a/. Serviceable/repair- ' 

able table for the parti^ 
cular cbmpbneht. 

b* Weld data table 

c. Cleaning methods 
and requiremerits 



d. 



Acid etching; (it _ 
applicable to the part) 



Weidirig procedure. 



ill Curreht Setting 
ys ' (2) ' Shielding gas fibw 

"50) pther iinpdrtant - ' ' 
data such as precau- 
tions md suggestions-. 



- •^•. 



- f . • Weld specifications 

(1) Bead height, 

^ width and contour 

(2) Penetration 

- (3*) Pneumatic Srind- 

' ing and tolerances 

^ - allowed 

• ' ^ - 

(4) ' Stress^ relieving 

requirements ,^ if ahyi 

r ■ - 

A. Make sure patch repair metai^ 
. type ^d thickness corresponds 
> with that prescribed in the 
- tech prder, and the part to 
be weided. ' 



makiag -patch: 



Remove defective. - ^ 
patch or ihetal in compliance 
id.th the tech order. 



b. 

-C« 



Etch 



necessary 



Prepare patch to prescribed . 
size, shape and contour according 
to tech order specifications. 
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6; ;Cleati the area _al outlined 
tii tfie tech order. 

• ■ ■ . j_:L_ ■ : ^- 

. 7i Wfeeh welding the patch, insure 

• f^li compliance with the 

appropriate tech order as, to:. 

■ • '* • * i 

a-. ...Prbper current setting- 

:. bi ^Proper shielding gas 
' .pressure ... . 

. \ . c. ^ Correct filler wire 

** and tungsten type and size, 

di- Proper spacing, place- 
- ment and tolerances if any. 



e« Applicable specifica- 
tions^ suggestions and 
; - precautions. 

8i .ebserve all measures of > . 
r safety, good housekeeping and 
fire prevention as follows: 

a. Instife inaximuro safety 
when using the pneumatic 



(1) Faceshield 



(2) Correct RPM rat- 
ing of wheel to 



(3) No jewelry or ' 
improper clothing. 

(4) Never tap grinder 

on part, or bind wheel 
in tight areas. 

(5) Always disconnect 
^air. from grinder wheri 

hot using -it. 



Careful handling arid- 
use of acetone or other 
cieatting -agents . 

Wear gloves when using 
etching sblutibn-always 
add acid tb^ water, riever 
water to acid. 




.. . - d. Dispose of oil^ rags 

in tnetal container with 
■ lid. 

ei Usirig pbwer shear, S 
jewelry and 
one man at. a time 
- machine. 

fi Be safety cbnscibusj 

when usirig all shop\equip- 
me'nty and keep ail a^eas clean. 

APPLICAtlON 

1. While bbservirig all measured bf 
good housekeeping, saffe^yama f ire 
preveritibn> stu.d.ents will set up arid 
weld fillet patches on jet engine hot 
section parts in full accordance with TO 
2J-6 series . 




EVALUATION: 



2. Iristructbr will, check each student 
for. proper compliance- with Td 2J-6 
Series J cprrect welding procedures ^ 
specifications observance of good 
hbusekeepiiig-i fire pre veritibri arid 
shop safety. 'Assistance will be 
giveri .as rieeded. . * 



DAY SU^^MARY 



Summary 



1. ' Use bf tech data 

2. Serviceable/repairable parts 

3. Welding procedures 

4. Weld. specifications 



iflf 



- • 5. Patch repair 

6. Gbpcl housekeeping 

and shop safety. ' * 

CTT Assignment: Students will read/review the following assignment after _ _ 
cbmpletibn of the assigriihent^students will be ablei to answer questions with 75% / 
accuracy^ 1. POI item 4a^ POI Time 2 hrs. Read. 3ABR5313i-S€.6d4 

(Day 8, 4 hrs) ^ iSXROBBCtlON TO NEW DAY'S INSTRUCTION - • 

ii Evaluate CTT Assignment 
Critique missed items.* 

- - %V Remotivitibn when is FMS 

- you will daily work with 

. ^ ^ A/C parts. 

^ 3. Review: 

^ . ■ . ■ •* ' * 

ii xase of tech data 
' ' * b. serviceable/ repairable 

parts 

c. welding procedures 

d. • weid s'pectftcatibns 
. ' - e. patch repair 

4i Overview | 

"a. Set up and weld fiEllet 
- ; patches i 

^PLICATION (cont) 

1. Students will continue to set up ^ 
and weld fillet, patches on jet engine:, , 

hot section parts in full compliance ' \ 

with>fd Series. All rules i)f 

good housekeeping, safety and fire 
prevention will be observed. 

EVALUATION: ^ . 

li Instructor will check each stu- 
dent for proper compliancG' with the 

TO 2J^6 Series, correct welding pro- * - 

cedures; specifications, observance f 
of. good housekeeping, fire preven- 
tion and shop safety. Assistance 
will be given a§ needed. - - ^ 





nTof T ri 1 1 tin n m w < 













END OF DAY SUMMARY 



6tt Assignment: 



1. use of tech data 

2. welding procedures 

- 3. weld specifications 

4. patch repair 
- 5. good houisekeepihg arid shop 
safety 

Students will read/review fpllbwing assignment after 
ccmpletribri of assigrimerit will be required to answer — —r— 
questions with 75% accuracy. . - 

POr Item ^a, ( 2 hr^ ^ 
INTRODUCTION TO NEW DAY'S INSTRUetlOS: 

1. Evaluate CTT assignment 
. ' ^ Critique missed items. 

2. Remdtivatibri 
* 3. Review . 

ai tech data 

b. welding procedures 

c. weld specificatibris 

d. patch repair^ 

- 4, Overview 



APPLICATION 

i. Students will continue arid complete 
their work in settirig up arid welding 
* fillet patches on jet engine hot 
section parts in full compliance 
with TO 2J-5 Series. All rules or 
good housekeeping, shop safety and' 
fire prevention will be observed. 

EVALUATION 

1, "^Students will complete and turn 
to their best fillet patch welds,* which 
will meet all standards of the criter- 
ion checklist, and all specifications 
arid requlremirits cbritairied iri the 
appropriate 2J-6 Series, tech order. 



ai Set up and complete 
welding fillet patches 
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CONCLUSION . ■ ' 

• * * 

a. tech data 

b. weld procedures 

c. weld specification ^ : 

d. patch repair 

^1 GTT Assignment: Studiitf wlU^ ^^^^ assign- 

inentwill inswet questions with 75% accuracy. Read: 
3ABR53131^SG-605 

3. Reinotivation 

4. ClbsJiig Stateinent 



*Af>f»llbVAt brlMCt AND b*T^ 



3ABR53131. 




Btdcx NUMacR 



Rec±pr6c2 



Hetals Processing Specialist 



BLOCK Tirtf ^Pipe, Tubing and Aircraft Exhaust and Jet 
; ^ Engine Hot Section Rep air 



-Erfiaust Manifold -fepair 



ctA55«oo»y Laboratory/ 


fcomplementary ' 
2 firs. 


8 hrs. 






POI REFEAWCE 




^ — 


PA« pArt 

23 Sep 1975 





" 



:^ljlay 1975_ 



04r£ 







CLAS^PieOHArfRVAi. 


GRAPHIC RIPS AMP 
UATCL^SSlf ICP MAr£ftlAI. 


1. Inert Gas 








- Shielded_Welding ; 
Station Complete 

2. Sandblast Machine 

3. Power Shears 

4. Slip Solie 

5. Throatiess Shears 
5. Buffer S Pdlishing 


^ roolkit 


\ None 
^. - . - 


1. 3ABR53i3l^SG-605 

2. TO 2RA series 

3. Chart: CG 74-217 < 



a. 



c. 



Given _ technical orders, select^cleaning methods, repair procedures, and 
techniques for weld repair without ' error. 

* - - 

Given a list of materials, select materials required for. repair of reciprocating 
engine exhaust manifold parts and asse^lies with :75% accuracy. 



Given inert gas shielded welding equipment and reciprocating engine exhaust and 
manifold Assemblies, set upancl make weld repairs free of excessive penetration, 
overlap i and undercut ^ for a total combined distance of no less than 3/4 of _ the 
length of the weld, excluding the first 1/2 inch start and the last 1/2 inch fihish< 
All shop safety » good housekeepings and fire prevehtibh measures must be observed. 



Teaching steps are listed in Part ii. 



ERIC 



1-12 



INTRODUCIIDN 



Tlffi: IDflih 



i; Attention: Now that recip's are on the way bot, we will iearn how to 
weld on them. 

2, Review: Fillet welds on jet engine hot section parts ^ Evaluate CTT 

assigtimeht critique missed items i 

3, Overview: Students will set up and weld butt and lap joint repairs on 

reciprocating engine manifolds in accordance with the TO 2RA 
Series- 

4, flotivatidh: You may have to someday work on recips.' 

\ .BODY Timi Stir.-Ad Min. 

PRESENTATION: _ . ^ * 

Ref Objectives Ply 2y 3 . \ 

i, eieaning methods in accordance with " * ' 

TO 2RA series 

a. begrease ail exhaust assembly 
cdrapbhertts using a sdlutidri of ' 
cbmpbiihd-carbbh . removal. 

b. Rinse with hot water under 
pressure 

<:• Inspect all exhaust assembly 

cbmpbhehts fbr hard carbbri • 
deposits • 

d. After' degreasing, clean com- 
ponents in a 15%, by weight, 
sblutibh of caustic soda sbJLution and 
water. 

e. Steam clean all parts thoroughly 
and rinse in cold water. ^ . 

f . Clean both inside and outside 
bf cracked areas with a stainless 
steel brush or very light sand 
blasting, • 



i 



2. Mitlbr crack repair' - -cracks less than 
one inch long: 

a. Apply flux to underside of crack 

b. Heliarc weld using X9-9WX or 
18^8 type 347 weld rod 



Lbngdr. 

than one inch, or holes requiring 
patches: 

a. Cracks longer than one inch 

- (1) Level edges 

(2) Tack weld every ^ iSch 
before attempting final 
weld repair. 

• Start werding from ehds; of 

crack, working both ways 
toward the center. 



4. Patch repair of thinned areas and holes: 

a. Cut away thinned area and smooth 
stack body material edges. 

.;b; Make patch inch larger than removed 
body material using same gauge 
material as the original material. 



d. 
e. 



Insure minimum radius of h oh all corners 
From patch to fit cdhtdur of stack 

Insure h overiap of patch over damaged 
area 



f , . Make sure area to be welded is clean 
on both sides and then heliarc weld. 

5. Welding Current , 

a. tICSP 

6. 58-60 amperes 



6# Torch gas - 10-15 cubic feet per hbiir 

7i Materials required for repair of air- 
craft parts and asse^lies 

Vapor degreaser ^ 

Sand 'blaster 

Hand tools for cleaning and joint 
preparation . 

Appropriate tech data 

Various gauges and types of' metal* 
for patch weld repair 

Appropriate weld rods according 
to tech data 

Complete heliarc weld station and 
accessories 

Safety items - 

i.- Flux . . 

ji Heat treating furnace 



APPLICATION: 



1. Given inert gas shielded welding equipment 
and exhaust manifolds, while observing 
all shop safety and fire prevention 
measures, set up and make weld repairs in 
accordance V7ith TO 2RA Series. 



EVALUATION: 

< . _ • 

1, Instructor will check students for pr-bper 

_^ weld procedures as outlined in TO 2RA: Series, 
and see that all measures of good housekeeping, 
fire prevention and safety are being observed. 
Assistance will be given as needed. 

2, Given the applicable publications^ use techni- 
cal orders to determine cleaning methods, repair 
procedures and techniques for weld repair without 
error. ^ 



a\ 
b. 
c. 

d. 

f. 

g» 
h. 



END OF O&Y gUHHARY -//^ 

Stwry: i; Cleahihg methods " 

; ?• Minor crack repair' 

3. Major crack repair 
^ ^ Patch repair 

5. Materials required for repair 
of aircraft parts. 

CTT Assignment: the students will read/review the fdllovlng assignment, after 
completion of the assignment students will be able to answer 
guestions with 75% accuracy i 

POI items 5abc, Time 2 hrs Read^AB R53131-- ^G-605 
(Day 9 4 hrs5 mrRODUCTIdN:^ NEW-^^AT^IN^TRUCTION 

1. Evaluate CTT Assignmertt - * * - 
Critique missed- items ' " " 

2. Remotivatidri: 

3. Review: 

a* Cleaning methods " . ■ ' 

b. Minor crack repair ' ^ 

\ - " ■ ' * 

""c. Major crack repair 

, aA Patch repair . 

e. Shop safety - - 

4. Overvii^^ 

a. Weld repairs on reciprocating 

engine exhaust manifolds. ' , 

APPLICATION: (Cbrit) . . . 

!• Students will continue to set up - 

and weld repairs on exhaust mani- . ' 
folds In accordance with TO 2RA Series^ 

while observing ail measures of good • . 

hoosekeepingi fire prevention and 
safety, ^ 

EVALUATION: \ ^ - 

li Given the applicable publications, use 
terfinlcal orders tP determine cleaning 
methods^ repaix procedures and techniques 
for weld repair without errbri 
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\ 2. Given a series of questions cbhcerhins 
'the materials reqmred for repair of 

aircraft parts and assemblies, select 

the correct responses for 75% of the 
: . questions. 

3. Studeiits will complete and turn in weld 
; repairs performed on engine exhaust mani- 
folds^ which will meet all requirements 

outlined in TO 2RA Series and the ^ *' ■ 

criterion checMist^ This includes indi- ' • 

vidual observance of all rules of good 
hduMkeeping, fire pr^vnntl'Ti and safety i " * 

:1. Suiranary: 

a. Cleaning methods 

^ - • ■ ^. 

b. ittnor crack repair 
- c. Major crack repair 

d. Patch repair 

' : ei Material required for r^air'of aircraft parts 

2. CTT Assignment: Students will read /review fdildwing assignment, aftet 
- completion of the assignment students will be able to . 

answer questions with 75% accuracy. 

.POX Item 6a, 6b, time 2 hrs Read: 3ABR53131-SG-6G6 

and answer questions 

3. Remptivation • ^ 



4. Closing statement 




NOMlieR 



BUOCK NUMBER 



cbuftS^ riTLC . • 

Metals Piocessing Speci33Aat_ 



Jlock'titlT |-ipe,"i'J"*inE, 'and Aircraft E:5aiaTast and Jet 
EilgLnc Hot Sec 



UESSON tit UE __ 

Welding of Carbon, and Alloy Steel Tubula r fesemblies 



tESSON PUPATION 



cuAssRooM /tiaDoratory 
i & D 1 hr/^crf 5 fee? 



yonqjiementary 
2.hr5 



TOTAt 



PQI REFEJ?ENCE 



PACE NUMBEi^ 



PAGE OATE 

23 Sep 197g^ 



PAnAon'SPM 

6 



StS/CTS REf RPCn^ 



NUMBER 

STS ^IIXL 



OATE 

^1 my 1 9?^ 



StlPgPV lSOR APPROVAL 



SiCNAtURE 



DATE 



SIGNATURE 



-PRfC^^ASS PREPARATION 



EOU 1 PM£ N T LOC At EO 
tN UABQRAT OR Y 



1. Qxyacetylene <i 
Welding Station 
Co^lete 

2. Trainer 3216 



_ EOUIPMEMT- 



Toolicit 



CLASSiritC MATFRtAL 



None 



QRAPHtC AlPS >HO _ 
UnCL ASSil icq MATITBIAt- 



1. 3ABR53131-SG-60^ 

2. Charts: CC 7U^20^ 

cc 7ii-209, ce 7U- 

210, CC 7i*-211, 
cc. 7U-^12, CC 7U- 
•213 __ 

3. Hoderh ^elding I 
(Chapter 18) 



CRITERION OBJEC TIVES AND 7FACHING St EPS, 



a. Gives materials^ tbols> and "requiicd equipment, lay out and fabricate tubular 
3oints and assemblies without, error. • . ' . 

b Given d:qracetylene vieiding equipment and tubular specimens, set up and v;eld 
tubular dointc free of excdssivo penetration, overlap, and undercut for a 
total, combined (Uotancc of no less than 3/h of the lengtU of the v/eld. All shop 

, safety, Bood housekeeping* and fixe preventipn measures must be obceived. 

Teaching "Steps are listed in part Hi * . . r ^ 



EKLC 



; . . • BiTB^ueTiOH TIME; .10 Min.. 

!• Attention: Used on engix^ iUdtints and some inaintenance stands* 

2* fisviev: BrieS^ coyer idiat^vas learned concerning \^ldizig of reciprocating 
manifolds • ' 

3« Overview: Students viU cut out and fit up tubular assemblies', and splice 
repairs and dscactylene weld them according to TO 1-1&-1* 

It* Sfotivation: Iiast joint "before bibbing but* ' ^ 

BODY . • TIME: $ Hrs. hP Min. 

I^ESEBTATS!^: 

Bef Objectives a and b. 

1* Consult TO 1-lA-r for tubular welding 

for the:. - • 

a. I^pi of metal being welded and means ' 
of identification 

(1) Ohemicai ccn^bsitibn 

(2) Teiisile ^nd yield strength ^ 

(3) Heat and qoaench- t^st ' ^ 



Factors concerning the -^e of 
metal to be welded in this case 
lil30 chromoloy steel tubing. 

'(1) Preheating temperatjare and 
requirements 



Weldability : 

(3) Stress Believing and other foiaiis 
- of heat treating^ t^peratures, factors 

and requirements 

{k) Eequired cooling methoS 

2*. » Lay but and fabricate tulwar joints and 

•assemblies . 

ai Tools to be used 



, -(1-)' - Piles - jtiund an 

^2) Hacl^av - adjustable type with 
flexible blade ' ; 

(3) Cbmbinatibn set vith, square or 

prbt^tctor head - ^ 

b* ' Layout and ass^bly^of station Joint 

(1) 1 inch and 1 I/8 inch OD U30 a. 
chromblpy ttibing is used. 

(2) ienghjjf tubing as given in 
study gcd-de: 

(t) A-ttjbe is 2 3/k" long 

(b) Brtttbe is ^" long* 1 1/8" OD . 

rr ' - — 

. . (c) C-tiibes aie 1^" long, 1" OD 

• > 

(d) 5 - gusset plates are 0.093" 
X 3 A" X 2-1" 

(3) Proper fit of tubing 

(a) ; S^xare B tube at both ends ^ 

to a 90 degree an^. 

(b) Square A tttbe^at one end to 
90 de^cee angle. Bpu^ grind 
other end of the tube to fit 
contour of _B tSbe i |^nish 
contour ;,f it with files i 

(c^ Square "one eid. of C tlftie to a 

. \ 90 degcee angle. Ebu^ grind 

" . V ^ other end.tb fit cbr^bur of B 

, tubei Knish contb^ fit "Sith files. 

c*^ laybuts and fabrication of scarf and fish- 
mbutS splices 

- • ^ _ ■ ■ ■ -* - 

(l} ?Bo-to splices may be used _ 

• partial replac^ent bf a damaged 

member is necessary. 




• V. (2) Splices aie never placed in middle 
. 1/3 portion of a member. " 

(3) Only one splice per single tubular 
Joember#. ^ 

ik) in^e of cut on both splices is 30 
degrees* 

. {$) length of fishmoutb splice is iiill 
(6) lengrth.bf scarf splice is ^ D 
Welding specifications and procedures 
a^ Penetration most iagjortant. f^tbr: 
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b. 



[1)^ Oh l/8"T or g reat er^ bevel ed ges 
^ ^to a degree angle to eliSnate 
need for spacing. 



Use neuti^ flame for best 

results and to prevent changing 
• metal properties ; 



i9vei3.ap - caused by . fear of bxamiig 
thrbu^ thus adding filler rod too- 
rapidly. *. 

ShalldW"- welds -_lack of filler metal - 
thickness of; -weld should be greater 
thaii: parent metal. 

Braming - ^3© melt^ at approximately 
2600 degrees P; 300-^00 de^^es above 
this goint may endanger any of its 
properties. • 



e • Undercutting - 

• (1) Stren^h is reduced 

(2) ^ Torch is at iii^roper angle 

(3) Eliminated 1^ angling the flame, 
more directly at the edge that 
is being undercufci 

•f ; UniTormii^ of bead 



(1) liast and prbtably least most 
inqportant 

(2) UrLU^imity of the ^dth is more 
importarit than^imifoimity of the 
surface. 

g* . Gbangiztg rod 



Mecessiiktes most of the stopping 
and starting 



(2) Plame envelope should continue to 
pl ay u pbn -t5e~ablia£fied puddle to 



prevent oxidation ^ ' 
Finishing "Vfelds 

(1) Lap over distance of l/8-l/i4:|' ^ 

(2) The crater sJrould always he fillfed. ' 

(3) The flame should he, withdrawn 
(usually ahead of the puddle) 

and the puddle allowed to solidify. 

(it) Piifibles, caused "by cbhtr^ting of _ _ 
sffierbundi^ met^^j should he rewelded 



just en^i^ to rid bf tfe hole. 
If necessary a. drop of rod should be 
added. 

_ Em OP' D&Y SlDMilff 



Sunpaxy: 



1. Hetal identification 
2* Layout and fabricate _ 
/ tubular ^assemblies 
3^' Welding specifications and 
procedures • 



CTT Assignment . J^- 
PCME Items ^a, 6b (2 hrs) 



1 . Review 3aBR$2131-SG^606 
2i Review Hbde±h Welding 
Chapter 18 i 
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(Day"lb^U hrs) ' IBTRCaJUCIION TO KEW DAY'S msIEUCTIOH 

li' EvalTJate STf assigiment ' *3 

Critique missed items # 

2. Hiiiidtivatidn: Bestate previous 

3* Eeview: 

a* Ifetai identificaSiQii r . 

. < b. Factors cdiicexniiig the type of metad to be welded. 

c. lay but and fabrication of tubxilar joints. 

di WelSing of tiSuiar/ ase^biiesi , ^ 
i^. Overview 

£t. Layout and fabricate tubular jbiirfcs 

bi Weld ttbuiar .joints i : 
APPLICATION (Cont) 

1# Students "wiil continue to lay dlifc aiid 

* fabzdcate tubular joints and aissemblies. ^ 

2i Ifeiie observing all sfi^ safety^ good 

. housekeeping smd fire pTCvention-measures^ 
students "Will coi;itinue to set up and weld 
tubular joints . . , 

BVALDATICW: 

i. StudeSt perfbmance in laborato^^on 

the layout, fabrication and welding of tubular 
joints and assemblies will be evaluated by the 
instructor. Proper observance of good r ' 
housekeeping, fire prevention and shop safety 
. will be considered^ 

2# Students will complete and turn in their 
■ woik on tubular joints. Jc>ints must meet all 
specifications of the criterion, checklist. • 



^ ■ ;_ _ _ " • . ^ 

• " , * e.iE^IiHSICIN TIME: 10 Min. 

■ . ■ t : 

!• Stannnaiy: ' : " 

sti Metal iaentification ^ , 

' ■ . ■ _ : - - - -- - 

■ . b« I^tors concerning the type b£ metal to "be -welded 

c# Lay out and faliricatiori of tubuiax joints- _ - " ^ 

ff. Welding tulmLar assesibiies ' ; 

2i issi^ment: 

a* .:Eeaa 3ABR53131-SG-70i an^ 702 answer questions. 
•*b. Head TO l-U-9^ pa3^ 2-U3 thru 2-??, P 

3i Bemotivation 

U. Cidsing' statement 
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• Stiidy Guides and Wofkbodks are training publications authorized by Air Training Command (ATC) 
for atuijient use in ATC course; 

Tfie ^TUDY GUIDE (SG) presents the ^formation you need to complete the imit of iiistructibn or 
makes assignments for you to read in other publications which contain the . required iiiformatidh. ^ 

Tfie WDRKBOOR JWB) contains work prTCedures des^^ 
objectives of the unit of instmctidn. Knowledge acquired from using the study guide will help you perform 
the missions ca* exercis€S» solve tiie problems^ or answer questions presented in the workbook. 

•*» . ■ " 

_ The STIJDY GUIDE AND WORKBpOK (SW) con^^ 

The two trainirij; publications may be combined when the WB is not designed for you to write in, or when 
both SG and WB are issued for you to keep. ^ ^ - 

Training publications are designed for ATC use only. They are updated as necess6^ for training 
purposes, but are NOT to be used on the job as autiioritative referenc^ in preference to Technical Orders 
or odier official publications. 
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'Chmute APBi Illinois ' 

• . mm SAS SHIEbBED WELDING. ; 

OBJECTIVES - . 

After cbopleting this study guide' and youi classroom instruc- 
tions you will be able to: 

1. - Dndemand:- and apply the principles of inert ^^^^ ; . 

welding for fabricating different^, types of joints on various types 
of TDetai. ' - . 

INTRODU^IQN • - * • 

Inert gas shielded welding is a wildingL process vStic^ ^ 

in inirt gas to protect the, weld zone from atmbspheric oxidation 

which would contaminate the «eld, it produces welds that are stro^^^ 
fflore ductile, -and more corrosion resistant than welds made with ordinary 
metallic arc welding. The protective shield that envelops the^weld 
enables the ioints to be fabricated without^e use of flux^ thus^ 
eliminating the cor^Ssion due to flux entrapment, and also expensive 
pbstwelding operations. The^^^tire welding operation tdces place 
without spatter, sparks, or fumes. 

INFORMATION ^ 
•3 MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

While you are in Block V, there is, to be no -waiting 'in training ; 
literature provided yon., this is : due to redistribution to subsequent 
classes. Also, while you are on' Jegular scheduled breaks, you will 
SSe li^tr^ in the classroom tmless you will be out of the classroom 
for 20 minutes or. more. , , 5 



Dicing clean=up of classxoom and other areas, use of cleaning 
tnaterials should be kept to^ a minimTM in order to reduce cost.^ These .. 
procedures should be followed throughout Block V. ^ . 

■ TIG WELDING ■ ; 

• There are many iiiert gas shielded welding processes.^ The process 
that you are going to become familiar with is the tungsten inert 
gas. (TIG) , figure 1. Tungsten inert gas ises a nonconsumable tungsten 
electrode. 

The tungsten inert gas shielded wilding process; is especially 
adapted for welding light gage work requiring the highest quality 
aSd/5r finish because of the exceptional concentration j)f^heat,^_ 
precise heat control, and the ability to weld with or without _ filler 
setal. It is one of the few processes which permits the rapid welding 
of tiny or lig^t-wstlled- objects. ^ • \ 
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Flgu^ l. /Inert-aas SkUtded Process (Wimccmmcble. Elects TIG: 

• Ah arc from the 'tungsten electrode in the atmosphere of inert 

gas provides ^ intense source of heat whicii is v^ry clean and operates 
very quietly; The inert gases provide ah almost ideal shielding 
cover in which tb melt most metals for welding^ refihihg^ or casting.' 
Because of this, the inert gas process is generally adapted for 

. welding a wide range of materials • . 

- i'. . '_ '__ ■ 

- 1: -Most-. metals4>r--^ vaporize under heat _ 

of Sie arc, ahd which solidify without cracking, can be welded;/ 
Some of &e metafs that can be. sat isf actor ily_ welded by>this netliod 
are most grades of carbon steel alloys, staihless steels^ alumintm 

^d aluminum alloys, magnesttm. and its a llo ys , copper ^ copper^ickel^ 
phbsphbr bronze, tin bronlzses of various types^ brasses, nickel, 
mbnel^_"ihcbnel, high temperattire alloys, titamium, zirconium, gold, 
and silver^ 

The basic requiremehts: for ihert gas shielded ^arc welding consist 
of a power unit, gas-shielded, weldihg torch ^ shielding gases, atsxiliary 
equipment, and protective welding eqiiipmeht. . . ^ 

Power Source ^ ^ • , 

• The weldihg current may be ■supplied through either a welding 
generator i DG rectifier, or ah AC trahsfbrmer. It is important 
that thp rtrrtf have gobd current cbhtrbl at the Ibwer end of the 
current range; Stand^d fie weldiig machihes are emplbyed and selected 
on the basis of the current output aa^the rah^ necessary tb meet 
the requirements of the work. Superimposed hi^ frequehcy is used 
in some machines tb petmit starting the arc withouik the electrode *: 
cbhtactihg the work. - — ' 



- there are several types aad nodeis of gas shielded welding, 

torches beini used today, ' The operatioif and design are basically^ 
the same with the exception of the tnanner in which they are cooled. 
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Hgta^e'S. Air-Cooled^, Gas Yielded Arc We 



fovch. 



The air-cooled tordi, figure 2y is designed' for oanuai welding 
of high thin gage isiateriais and is excellent for weld repairing 
t-TUp section ^et engine parts. This torch, can be used for welding . 
with high-frequency stabilized alternating current or straight polarity 
direct current, depending on the job requirements. It .can perform 
continuQusiy on AG or DC c\irreht up to 100 amperes. - , .i 

HOSE 



POWER 
CftBtE- 



WATER 
OUT- 




-GAS ORIFICES 
■•EtECTRObE HOLOER 
5^ SHlELbiNG CUP 
-TUNGSTEN ELECTRODE 
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GAS HOSE_- 
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••-^ ' ■ j wrrER_fekfig_ 



■ Hgure 3. Water-Coofed, Inevi-Gas Shielded Arc Wetdvig Torc^ 

■ The water-cooled to^ch, figure 3^ is designed to operate at . 

higher current ratings ibove 100 amperes and up to 300 amperes- current . 
capacity. Water-Cooling of -the torch and power cable for inert, 
gas shielded welding makes possible the use of lightweigh-t parts 
capable' 5f carrying the rated current without danger of overheating. 
The power cable is located in the Water discharge ^hose. Water requirements 
are from one to two pints per minute. A special fuse of about 45 
anperes^is installed in the power lead line to the torch to protect^ 
die equipment from overheating in case of wat^r stoppage. The torch 
head basically consists of tixree parts: the collet or electrode 
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kblder, the gas' ihieidipg the* timgsten ^e^^^ The 

shieiaixig jgas eiiters through a plastic Txose fitted to the rear of 
the torch handle^ passes through the body. and emergesfrom the gas_ 
;brifices in the tordi head. It is then guided down toward the weld 
• or TOit^ 566I by the gas shielding cup that surrorads the electrode ^ 

The tmgstra. electrode is held firmly ^ place by a replaceable 
electrode holder tcollet) that screws into the torch he^. The 
threaded end thSt screws into the torch head is Split into four parts,. 
When the electrode holder is tightened, , a clanging ^ctibn takes 
place on the electrode and.hdlds it in place. The holders are made 
in various sizes and hold ilectrddes from .020 to 1/4 inch in diameter 
and from 3 to 12 inches long. 

. : . Gas shielding cups ^e made, from plastic^ .TOtal,_md ceramic 
tile. They are made in various sizes and the size selected. depends 
on the size of the electrode to be used. The c^ number indicatis 
the diameter of the cup opening in l/i6ths of an inch, ebhtinued 
. use bi the torch at high an^erage tends to deteriorate, the shielding 
gas cnp. For this reason metal water-cooled cups are ijsed with 
currents above 100 amperes. " ' . 



Hose 
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Rubber or fdastic hose is used tb circulate water for coolliig 
the tbr<2i and power cable lead. The bare flexible lead cable is ^ 
TOcldsed in tJie water outlet hose. A separate hose is xwed for the 
water inlet md" another for feeding th^ shielding gas to tite torch. 
In case of wfter stoppage, welding must be stopped to prevent damage 
to the welding equipment . >. • . . . - 

' Water stoppage result from an acciOTUlatibn of dirt '•in the 
small passages of the torch. This condition can usually be corrected 
by disconnecting the water lines- ^ momentarily r eversing -the flow 
of water . Three possible causes of leakage "in water lines are : an 
excessive hip water pressure i . mistreatment of equipii«nt , and toproperly 
sealed hose comection. If leaking occurs in the torch handle, 
soldered repairs may. be necessary. When the hose is damaged near 
a connection, it is 'only^Secessary to cut away the broken section - 
and reinstall it to the fitting. Rubber cement or a hose clam? . • 

may be i^ed for securing a.ie^roQ|. jqint.. When repairing the 
water oiitlet hbse^ it is necessary. to remove an equal length of electrical 
_ c^ie; ' • . ' <- . ;, ' ■ ; ^ 

lie argon or hetiStt^hose nnist be gastipt. If the TO^ . - 

becomes cloudy or the tmtgsten electrode turns blue'"on cooling, it . ^ 
is an indication of a leak in the hose or. hose connections. If, 
for any xeasbn, the plastic hose is subjected to temperatures above 
125 degrees i it becpmes soft and loses its strength. It should 
be protected carrfully and not allowed to come in contact with hot 
metal. Hose that has been burned or broken should be replaced because 
it cannot be effectively repaired. Leaks cause the shielding gas 
to become diluted witit air and causes contamination of the molten 
pool and the adjacent metal. . 



Tungsten Electrodes / 

~ " Foxff ^es of tungsten electrodei i^i used for gas • shielded 
welding. Sy ire cdomercially pure timgsten, 1% thoriat|4 ttmgsten. 
2I thoriated Itmgsten, and tungsten. containfag .thirty to fifty percent 
zirconium. The thoriated tungstenelectrodefe are superior tP pure 
tungsten electrodes because of their higher electrode flow, better 
'ire starting and stability, high current carrying capacity, and 
H^er tesistaiice to conta^ation. The tungsten electrodes containing 
ziiconium have been refined and improved to make them better than 
Se Soriated tungsten electrodes but considered to be too expen^feive 
for Qormai Air Force use. 

The tungsten electrodes are color coded for easier seip^ 
Pure tungsten has a g^ien-end, IZ thoriated has a yellow end, 2X 
thoriated has a" red end, and the zirconium tungsten has a brown 

-Ttmgsten electrodes are practically nonconsumable, but ^ea _ ■ 
tiie electrode vS&tentionally touches the molten pool, a small ball 
forms on the end, ^ch may cause ah erratic arc. ^is metal pickup 
should be removed by griSdlng or breaking it off "i'* 
al ters. Electrode lo ss due to o^ddation can be prey^ed b^ leav ing 
^e gas on a short tl^^after-^e srcSs^bTak>iu, allowmg-sc-co-cooi 
in ^e protective -atmosphere of the shield^g gas. ^ Tungsten electrodes 
are available iS diameters of .020 to 1/4 tedt and^in lengths of^ 
3 to 12 iidiis. The diaajeter of the electrode to be used depends 
i^ibn the current setting used welding i y 

Foot Control 

The foot control is a foot-operated rhebstat-which is Ss tailed 
in the field circuit of the welding machine to chan&e the arc for 
varying tiiid^esses of met«t. This control enables^you to start 
and stop the SacKine, an - -. ovides a convenient method of naking^ 
current settings during Ing. AnoTiier disadvantage is that the 
control shuts off the" wel^iug current and at the same time allows^ 
the gas to flow', which protects the weld Suring cooling, and helps 
to control crater cracking. 

Sas Regulator ^ . 

A coi&ination regulator-flowmeter, figure 4, has-been developed 
to control the flow of shielding gases ^ It steps- down the high ^ 
pressure..in the cylinder or manifold to lovier working press^es. 
The gas flow to the apparatus is indicated on a flowmeter- tube . 
S operations in which the gas consumption is high, a central cylinder 
manifold syst^ can..be ^tailed and tiie gas P^P^d to the_^ various 
welding static^. The flowmeter is equipped with a manual throttle • 
valve for gas flow adjustment and the welder can set the gas flow 
SSred. The flowmeter t^e is calibrated at a positive pressure 
which normally exceeds any back pressure produced by -the . equipment, 
this ^es a true reading of the gas pressure possible. 




Figure 4. Argon Regutatcr Ftoarmter. 

For economic reasons and for ease in handlings both manxial 
— and-iedianical shutoff valves are made available in the power unit. 
Electric solenoid valves are installed in the tinit> allowing the 
flow of shielding gas and water to" be turned on automatically when 
the foot control is used. These valves are designed in such a manner 
that th^y can be timed to allow the gas and water to flow before 
the arc is struck. When the foot control is used to stop the arc, ' 
the gas and water cohtihue to flow for a specified time. The. flowing 
of gas and water after the arc is s^topped permits cooling of the 
electrode and the molten pool, protecting them from atmospheric 
- contamination. 

Welding Current \^ 

DIRECT VVREENT. The' welding- circuit nay be connected up as 
either straight _or reverse polarity. The dibice of polarity depends, 
upon the type of metal tbbe welded. • • ^ 



m ^1/16" ELECTRODE 




Figure 5. Wetding Current. 



■ In direct current straiiht p51arity ^DCSP) welding,^ the electrode 
is negati^i aSd the work is positi^ei as shown in A pf ^^SureJ. 
in straight polarity welding, .the electrons strike the plate #t high . 
velocity, producing a concentration of heat effect upon the plat|. 
The heat not only influences the welding action, but ^e shape of 
tile weld also. DCSP produces a deep narrow weld, as shown in B or 
figure 5. - • 
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^reat Current - Sevei^e Polarity i 



in direct currrat-reyerse polarity (DCRP) welding, the electrode 
is positive and the work is negative, as shown in A of figure 6. 
In reverse polarity welding, the electrons are flcfwing from the 
plate to the electrode. This requires the use of large diameter 
electrodes to absorb tie ext?a heat g^erated^and lielpff to prevent 
the electrode ^f rom burning Off . DCBP prdduces a wide-, shallow weld 
as shown in B of figure el For any given welding current, D€RP, ' 
requires a larger diameter electrode than DCSP.' 




ONE 

- COMPLETE CYCLE OF 

OCSP AC 



DCRP 

Figure 7, AC Waoe^ 




TWO &OMPLETE CYCLES OF ftC WITH 
RP COMPLETELY RECTIFIED 



FigurS 8, Rectified AC Waoei 
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ALrTEEUATING CURRENT. Alternating current (AC), welding is a 
cprSinatlon^of SeSF and BGKP welding current i One half of each 
con^iete is fieSP and the otibter h^f is DCra?^ as shown in figure 

7. ^Foreign loatter, su^ as moisture, oxides, or scale oa the surface 
of the plate , tends, to prevent the flow of current in the reverae 
pDlarity direction. If current flows in the reverse direction, 
rectification is taking place and the current wave would look like 
figure 8. To prevent this frcni bccurring-^ it is cbnmrati practice 
to superimpose high voltage , hi^ frequency additional current on 
2ie standard welding current. When High frequency is superintpbsed 
ppon AC welding current, a ccntinual flow of electrons is jt^ing 
the, gap between tixe electrode and ^e work piece^ piercing Se^ide 
film and forming a path for the welding current to follow. Some 
advantages that are obtained from usln^ high frequency current are 
starting the arc without tbudling the alectrbde tb the work piece, 
better arc starting and stability^ a longer arc is possible, welding 
electrodes: have a longer life ^ and wider current ranges can be used. 
A typical weld contour produced with high frequency stabilized AG 
♦is shown iri figure 9, with DGSP md DCRP welds for co^arison, 

W ELD RESULT-SUMMARY 



b^C- _ o.c._ _ 

STRAIGHT REVERSE WELDING 
POLARITY POLARITY 

Figtire 9. Cgmp^isah of Wild Cbhidt^m : 

St^i^el ding Gas 

. Although there are several inert gases which may be used for. 

^8 sfaieided widing^^gott md heUtm ar e t he two most co^bnly 
vused;^ The min reasons for ^Is is the complete diemical inertness 

and inaolifljJJity to^ 1^ electrical diaracteris tics tiiat 

. a*.e f avbir^le to smooth, quiet arc action, and efficient metal transfer 

at liSg^^tarr^^ Whether argon or helium is used for the 

* shielding gai"^p^ds dri tile, distitictive dharact^ristics^ required 

to produce the desi^ld.;results. A^go^ is usp^ in most cases j but 

heliim is used when iiK)rei*«at per ampere or. •''i^lding current is needed. 

This ^aracteristlc of heitam^^cbmes a di3iTC?v^tage when welding 

'^ry ll^t ^ges of metal, 1/32 or less. 

gas, one 

x&ich will not cbn3>ine \H.th any ptfeer element. The two gases produce 
different effects upon the materials to be welded due to arc voltage^ 
''argon^ ^roducS^g a narrow bead with deep center pehetratibh^ while 
helium ^rr/f:^ tees a \rf3e bead with coi^aratively shallow penetration, 
thesbt dlf. -trences of ten m^e one or tiie other of Se two gases ^ 
or: ^ i^ikture of the two, preferable for sjiecific applications. 



Mfey o^ef types Of pses and : , • 

but ail ha^e som deficiency which prevented tiem being used ^ syt^h 
aa causing rapid deterioration of the electrode; porosity in weldt* 
and arc inst^iii^. ' Sone have been found quite useful for specific 
. purposes, such as id.trogen, ^ich is Tjsed as a shielding gas for 
welding copper. Also, azures of argan, helium, and hydrogen have 
• been used in Welding heat and corrosion resistant ferrous alloys ,. 
m some 5±ckel-bearing alloys, su^ as monel^ Both gases are plentiful ; 
but due to ^e difference in weight, tiree times as much helium 
is requited for shielding as argon. - : 

^ mM. Argon is a colorless ^ odorless, nonto^Sci and nonflammpie _ 
Inert gas, which is somevAat header than air^ It is supplied in- / 
cylinders similar in size md shape to oacygen.cy^ . 
pressure betrjeen 2000 to 2500 pounds per s^are Inch. . The cylinder 
may be ideStified by the distlnctiire color markings of gray with / . 
a v^ite band painted horizontally around the cylinder. The.^cyliJider 
is- ^:dnsidered ^ty \*en the pressure is reduced to 40 pounds per 

square inch and should be replaced with a full cylinder. 

Ga^ purity may have considerable bearing oh .welding, depending :. 

- tmon the extent to which materials are' affected by impurities. Stainless . 
steel, as a rule, is hot significantly affected by metas, |uch 
as iluiiiui or magnesium, are relatively sensitive to Impurities 
and'a^e best welded w±th hi^-purity The argon and heliu^ ^_ _ 

gases whi^ are connnercially ayaaable from, most sources are of high 
- ' purity, ani average well over 99.95% :pure. 

Argon is generaiay used for all alternating current weidiSg 
• applications, .i ks welding aluminum, magnesium, or copper. The 
■ arc is relatively hard to start in ihelium gas shielding when very 
low welding current is used. This ; difficulty is not encountered 
with argon and Ste low arc voltage i characteristic is p^ticularly 
Helpful in the weidd&g of thin material, because the tendency toward 
bum-througih is reduced.' / 

■ i • 
HELIUM. Helium is a colorless, odorless, nontoxic, and tasteless 
inert gas. It is much lighter tha^ air, being the second lightest 
of all gases . Helium is nonf lamm^ie and is placed under pressure 
ii cylinders, Uke argon, with 2000 \to 2580 pounds per square inch. 
The ^liSder may be identified by the distinctive color markings, 
of gray with a buff top Uight brown) . , The cylinder is considered 
- empty when the pressure is reduced tov25 pounds per square inch 
and ShdTild be replaced witi a full cylinder. 

Helium is used mainly with direct ciSreht welding machines, 
'us fag DeSP. This shielding gas is upcsil' to weld magnesium using 
;dCRP. High arc Voltage and current ^u^^^^^^^^^^ 
thick metallic materials which have nigti heat conductivxty. 
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WELDABILITY .^CIF VARIOUS TYPES OF METALS 



Heat and Gbrrosibn Resistant Ferrous Allpys 

: Heat and corrosion resist^t ferroiis alloys are probably the 
m>st easily w^lded of all laetals by tJie gas shielded process. T^^ 
are generally welded witii direct current "strii^t polarity, uslng^ 

argon as tie shielding g^s* These factors give naxinum heat input, 

resulting in deep penetration and fast welding speeds. This technique 
iiniiizes carbide precipitation, in hoiistabilfzed heat and cdrros'idn 
resistant ferrous aHoys and helps reduce distortion on thin sections. 



Aluminum 

Aluminum and aluminum alleys ^ along with heat and. corrosion 
resistant ferrous alloy^ make_up the bulk of the laetals joined by 
inert gas shielded welding. The welding metiiod preferred is alternating 
current, high frequency stSillzatioh, with argon as the shielding ._ 
gas. Aluminum can also be welded with direct current reverse polarity. 

Magnesium 

Magneslxm was largely responsible for the deyelopment of Se 

^ shielded welding process because it is virtxially the only process 
that can be successfully used to weld magnesium. Magnesium >airoys 
can be welded using AC or DC current, if DC machines are_j^ed^_ 
reverse polarity with helium gas for shi^ding is used. When AC _ 
madiines witii high frequency stabilization are used, argon is used 
as the shielding gas. 

Hbnel arid Iriebnel 

Monel and iconel are bbfii readily weldable by gas shielded welding. 
The basic procedure is the same as for tiie heat and cbrrbsibn resistant 
ferrous alloys, using direct current straigftt polarity and argon 
as the shielding gas. 

A-286 

A-286 is best fabricated or repaired by tungsten inert gas 
shielded welding (TiS) . Argon is the preferred shielding gas on 
the lighter ^ge metals and helium for the heavier gage metals. 
During welding, the. heat input should be kept as low as possible _ 
while stiir ol)taining proper fusion. Welding A-2 86 is more critical 
than welding other similar types of alloys. If A-286 is not ♦properly 
shielded, or if it is permitted . to burn through without a backup 
of . either shielding gas or a copper backup plate, there is a hi^- 
probability that the weld will crack. 

Chromolpy - . — — ^- - 

Direct current straight polarity is used in the fSrication 
and repair of this material. This new alloy is being used in our- 
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present day aircraft ndssiles Because it meets the meditm-high 
te^eratUre service requirements needed in titte jet engine turbine 
sections— Chroiiwiby is one of the easiest to weld of the new alloys 
md should present no problem to you as a welder; 

. QUESTIONS 

Kbte: Answer the questions at the end of this diapter on a 
separate sheet of .paper • 

1. Define an inert gas. 

2. How do welds made by the inert gas method compare to those 
nade by metallic arc welding? . 

_3.. List five metals yAiicb can be satis? ic:tbf ily welded by 
tihe TIG process . 

4. ' What is the purpose of the 45 amp fuse ins tailed in the 
power lead line? 

5. From what material are gas shielding cups made? 

6. Why are thoriated electrodes more stiperior to the pure 
tungsten electrodes? . ' 

7. What determines tJie choice of welding polarity? 

8. Why are large diameter electrodes required for welding 
with DCKP? . ' 

9. What are the weld characteristics produced when welding 
with BGRP? DCSP? AC? 

. 10. What is the purpose of the foot control? 
REFERENCE . " 

1. Althbuse/Turiiquist/Bowditcfi, fiodern Welding Handbbok ^ Chapters 
11 and 18^1967. 
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. — ^ t- 3ABR53230-SG^502 

.Metal S iroi Branch jftoi^-j 

efianute AFB^ Illinois 

OdINTS OF HEAT AND GBRROSlbN RESISTANT 
FERR0US AbtBYS 

OBJECTIVES 

After cofflpleting this study guide and your classiopi instruc- 
tion, you will be able to: 

1. Apply the techniques and procedures for welding joints _ 
■ of heat ^d corrosion resistant ferrous alloys using the TIG welding 
process. 

INTRODUCTION 

Inert gas shielded welding is us ed^very extensively for the 

f^rfcation and repair. of jet engine aircraft parts because it prevents 
orf-datioS of the weld, inaintains the maximam of corrosion resistance 
±n the welded part, an^ helps keep warpage to a minimum: The use 
of special welding fixtures, close control of current settings, ^ 
and the application of Certain welding techniques and welding speeds, 
assist in producing welds, of a high^t quality. 

INFORMATION : 

MANAGEMENT OF DEFENSE ENERBY AND RESOURCES 

When welding heat and corrosion resistant fferrous alloys, _the 
bead will be completed with a mininunn amOimt of filler rod. After 
completing a Weld, you will cut the specimen as close to the bead 
as possible, and utilize the remainder of the specimen. 

FACTORS PERTAINING TO HEtDING OF HEAT AND 
CORROSION RESISTANT FERROUS AbtOYS 

The coefficient of Mansion for heat and corrosion feir5us __ 
resistant alloys is approximately 60% greater than for carbon steels , - 
Sid special precautions are a necessity. To resist the tendency^ 
t6 w^ during welding, 3«lat: edges-mSst be correctly aligned and 
properiy spaced. TacK welds must be closely spaced In accordance 
with ietal thickness. Thiix gage metals offer less resistanc^^to 
warpage whm-feeat is applied and nust, therefore, be tack welded 
at closer intervals than heavy gage metals. _ 

Carbide precipitationXis mother important factor to consider 
iS welding heat and corrosion resistant ferrous alloys. When the 
metS is- kept at aa elevated temperature^or any length of ^time^ 
the carbon combines with chromium and forms dtromium carbide. In 
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the regioa of this carbide fortt itlon, a loss of corrosion resis- 
tance tej^uits and the tensile strengtti add dutiiity are reduced; 
This usually oczuis ne^ the fusion line in the:welding of heat 
and corrosion resist^t ferrous alloys The effect can be reduced 
to a ndnimun by confining the arc or heat to as small an area as 
possible* This means that best results are obtained by the iise 
smaller electrodes ^ Wghcx amperages , and faster welding speeds* 

r.nert gas shieide?i; welding is very adaptable in this respect as 

the tungsten electrode ha.r a very hi^ inelting point, allowing the 
t2se of high amperages with smaller diameter_electrodes. This permits 
higher wel cling speed?-, a narrw heat affected zone and more rapid 
cooling of the metal ► . 

On seme gas shielded welding applications, the joint edges ^ 
should be backed up to obtain best results* On light gage material, 
backing is usually used to protect tJie underside of the weld from 
oxidation* 

CORNER AND EDGE JOINTS 

Corner and edge joints are tie easiest types of joints to weld*. 
With proper setup, no filler rod is needed on i^tal up td 1/8 inch 
thick. Very close fitup is necessary so the edges will fuse together 
witJibut the use of filler rod. The different types of joints and 
setup are shown in figure 10 . 





FigupB 16. Types of Corner and Edge Joints. 
Metal Preparation and Setup 

The preparation of an edge or corner joint is simple. Clean 
the edges thorou^iy to remove all^JbreiKh material and make sure 
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that the edges fit tbgetiier evetay aid t*at all burrs have been 
renBvedi A Very close f i tup _is_ necessary for the edges to fuse 
together without the vse of filler rod; 

General Welding Prbeedures - 

■ 1. Strike and hold an arc until a molten pbdi develops. 

2. Hold the electrode as nearly vertical to ttie joint as possible. 

3. Regulate tiie speed of travel to produce a xiniform bead. 

To terfinate the weld, swing the foot control to^e low 
position to break tiie arc aS^^permit the shielding gas to flow over 
-the weld area until it has cooled. 

5. A slow welding speed will cause molten metal to roll, off 
the edge of the metal. 

6. Irregular or rapid speed of travel will produce a rough 
or tineven surface. 

WEbeiNG BUTT JOINTS _ 

The square butt joint is an easy joint to prepare and can be 
welded with or without filler, material, depending upon the thickness 
of the -pieces being welded. Joint fitup for a square-edge butt ^ 
. joint should always be true enough to assure 100% penetration with 
good fusions in welding light-gage material without adding filler 
n»tal, extreme- care should be taken tP avoid low spots and burn- 
through. The heavier thicknesses will generally require filler 
metal to provide adequate reinf orceneitt . 

Metal Preparation and Setup > - 

tight gage sheet stock to be butt welded must be accurately 
sheared and free of Juffs. Joint edges must be thoroughly cleaned 
of ail foreign material.. A fiacture^ such as shown in figure 11^ 
nay be used' for holding the pieces in alignment. For butt welding 
a thickness of .030 inch or less In a fixture* the work may be set 
up with the edges butted togeliier, and clamped tightly li the fixtures 
For butt-joints of a thidcness greater thai .030 inch* the work 
shbuia be set up with tiie edges spaced very sli^tly. The backing 
plate for ietal above .051 inch should have a V-shaped groove equal 
in depth to ^e metal tHidmess and about 1/8 inch wide. The clamping 
bars should be set as dose -to the joint edges as will permit manipulation 
of the.,elec:trode without the shielding cup touching. . 

When welding butt joints, outside of :a fixture, tiie , 
should be aligned parallel, spaced approxiirately the thickness of 
the metal and tack welded, as shown in figure 12. 
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For metal thicknesses ranging from .030 to .081 of an inch^ _ 
Sie following approximate settings can be slightly altered to fit ^ 
the individtial thickness of metal. The fact that the metal is being 
welded in a figure wbiA^dissipates heat from tiie weld area also 
may affect the current setting. 

1. Current - DC straight polari^, 15 to 90' amperes. 

2. Argon flow - 12 to 15 ctd^ic feet per hour (cfh) . 

3. Electrode - timgsten - .040 to 3/32 inch, 

4. .Electrode adjustoent - To ektend 1/4 to 5/16 inch beyond 
edgi of gas shielding cup. 

5. Water flow - Approximately 1 pint per minute. 
General Welding Procedures . 

1. Strike and hold an arc hear tht joint edges. 

2. if the tungsten electrode becomes conta^hated^ strike 
the arc oh a piece of copper islate until "the erratic tendency of 
tite ^c "smooths but." 

3. Use 2ie foot control rheostat to adjust the arc to the 
approximate desired heat. 

4. Move" thenar c~to the joSt^edges^ and travel steadily along* 
(foraand)^ holding the electrode as nearly vertical to the joint 

as possible* 

5. Filler rftd should be added at tile forward edge of the 
pool. ^ 

Note: Manipulation of the tordi is not necessary to oljcaih 
£he proper width of welci in light gage metals. 

' *■ * - , 

6. To terminate tie weld ^ the foot control should be swung_ 
to the low position^ the arc broken i_ and tiie shielding gas permitted 
to flow over tiie w^d ^ea until it has cooled to a black heat. 

7. In order to avoid overlap in restarting a weld ^ strike _ 
the arc ahead of the terminated weld (approximately 1/4 ihch)„ ahd 
then move it back to the end of the weld so as to bring it to the 
molten state before adding filler rod. 

8. Weld specifications of penetratidn, reinforcement, and 
width of bead are shown in figure 13. These specifications are 
approximation, of accept^ie variations for heat and corrosion r^istant 
ferrous alloy welds on jet airttaft parts. 

• ^ ^ 17 



APPROXIMATE 
WIDTH 0F BEAD 




APPROXIMATE 
REINFORl^MENT 

5-30% 



PENETFATldN 
160% 
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Figy^ 13. Butt Wetd Specificc^om. 
•Defects to be avoided are: 



a. _ Undercut - Caused by poor setup, improper backing 
or excessive heat. . 

' bi Overlap - Caused by insiifficimt heat or adding too" 
much filler rod. 

Weld Requirements 

Heat and corrosion resistant f err otjs alloy butt welds made 
with the inert gas shielded welding process may be narrower with 
less reinforcement because the higjily effective shielding of the 
inert gas results in a weld of hi^_ ductility and tensile strength. 
The high aoperage carried by a small electrode permits a narrow 
weld having fusion equal to that of wider welds made by dxyacetylene 
or metallic arc welding process. 

1. Penetration through the joint should be slightly in excess 
of 100%. 

2. Reinforcement for li^t gages of heat and corrosion resistant 
ferrous alloys can vary between 5 to 30% of T CT = base metal ^thickness) 

3. Width of bead can vary from 2 to 3 T. 

4. Surface appearance should be a dark bronze to a light 

purple color. — 

5. ' The weld metal should taper- smoothly into the base netai 
with no tjndercut or overlap i * ^ • 

^ ±8 
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C. dOGGLEb LAP 



Figure 14. Type of Lccp Joints. 

WELDING LAP JOINTS 

Lap joints are used to join two overlapping sheets ^ s^^ 
the edge of one sheet _is welded to the surface of tiie other, as 
shown figure 14. . When tiie joint design does not pemit welding 
from baS sides, the joint may be welded from one side only; For 
some applications, such as txibular splices^ a single welded lap is 
satis^f^ctory-^Hro? - 
will hot develop the full strength of t±e base ietal- ^ :Lap joints 
are used extensively in the repair of weidabie jet and cohvehtibnal 
aircraft parts becatise of the ease of preparation and welding^ Heat 
aad corrbsidh resistant ferrotis alloy rap welds made by the inert 
gas shielded process in ligtit gage metals (up to .0625) can be set 
up and welded witii no addition of filler rod. The electrode is 
so directed as: to melt the upper edge of the joint, resulting in 
a smooth, sligjitly convex weld bead. 

Machine and Equipment Adjastment 

For metal . thickness xangin^ from .031 to ; 081' inSes^ the following 

approximate settings can be slightly altered to fit the individual 

thickness of the metal. The fact that it is being welded in a fixture 
which, dissipates the heat from the weld area also may affect the 
current setting. 

1. Current - DC straight polarity - 20 to 96 a^eres. 
2; Argon flow - 12 to 15 ci4)ic feet per hour (cfh) ; 
3. Electrode - tungsten .040 to 3/32 indi. 



4. Eiectrbde adjustment - to extend 1/4 inch to 5/16 Inch 
Beyond edge of gas shielding ctip; "'^ 

5. Water flow apprbxiinateiy 1 pint per iinute; 

Metal Preparation arid Setujj - . 

Pieces to be lap weOrdid should be <?heared^ leaving a square 
^ge free of burrs and warapage. Joint edges nust be thoroughly 
cleaned of all foreign materials. Steel wool may be used for this 
purpose, f luxhig is not necessary ^or inert gas shielded welding 
of heat and corrosio^resistant ferrous alloy lap Joints. Pieces 
to be welded in a fixture are set iq) as shown in figure 15. The " 
damping bars should be set up as jio^e to the joint edge as will _ 
permit nanipulatibn of the torch witi out striking the shielding 
cup to the clamping bars. To avoid a binding of the clamping bars 
and possible gapping of tlie joint to be welded, pieces of shim stock • 
of appropriate thickness are placed with fixtures as shown in figure 15, 




Figvcce 15. Fixture Setup For Bap Welding. 



General Weldirig( Procedures 



1. Strike an arc on d cbpiper iheet with the foot control 
rheostat sec in a "high" position. Immediately upon establishing 
the arc, swing the foot control toward the "low" position and back 
again toward "high," fluctuating^ the current intensity to study 

th^ characteristics of the arc and the functioning of the foot control. 

Sote: The foot control rheostat controls the anraunt of 
heat in the arc by changing the open circuit voltage. 

2. Strike an arc on the joint edge and move steadily along 
(forehand) melting^back approximately 1 to 2 thicknesses Of the 
top sheet . 
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3 Ordinariiy manlpuiatipn (weaving (pf.ffie torch) is not 
necessky for lap welding;:of i±^t gage stainless steely sheet. ^The 
torch head is tilted slightly toward tiie root of the joint and in 
the direction of travel. 
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Figv^ IB. Lcp ffeid Speci]^~caiiaris. 

4. Weld specifications of penetration, widS of 6ead, depth 
of throat, and iengS 5f upper and lower, leg are shown in figure 
16. These specifications are^pproximatidns of accept^ie variations 
for welds on aircraft jet engine parts. 
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5. Defects tb be carefully avoided a 

a. "Kidercut - Caused _by poo'irse tup, iii?)roper 
or failure to melt hack enou^ of the top plate. 

b. Too wide a bead - Caused by excessive heat, travel- 
ing too slow or unnecessary weaving of the torch. 

c* Excessive limiting back of the top sheet - Caused 
by a gap between the two sheets* 

d. Smoky oxidized appearance of the weld -Caused by 
insufficient flaw of shielding gas or imprpperNcurrent settings 

^ €• Excessive penetration of the lower sheet - Caused 

by improper backing, traveling too slow, or too high a cui^ent, setting. 
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Figure 17.' ^UkrOab <md Leg Dimensions. 



TEE JOINTS 

- - the tee joint, sh^^ figure 17^ is used tp join two plates 
whose surfaces are at m mgle of approximately 90 deg^^ 
other. Welding can be done from one or both sides ^ depending upon 
the position and strength required. 

When both pieces of tiie base metal are. the same Stickness, 
the T^per ^d lower leg^ specdLf icatibti should be 1-1/2 T. if one 
piece is thinner tb^ the other ^ the tiiinner piece determines the . 
leg length or height. Penetration shoxild be from 25Z to 80Z of 
^'T." The throat thickness' should be "T." 

Tee joints used in the fabrication or repair of heat and cbrrbsibh 
resistant ferrous alloy aircraft jet engine p^ts are frequently 
made to join sheets of unequal tiicfcaess. Although they are generally 
welded from one side only, the tedmiqiae iise^ skillful control 

of the arc to obtain good fushidh into the heavy gage ^et md 
to avoid undercut of the U^t gage sheet. ^ 

Machine and Equipment Adjustinent • . 

The following approximated settings are for instances where 
boSi sheets to be joined are of _the same thickness. For metal thicknesses 
ranging from .031 to iQ81i the following settings caul be altered 
to match the operator's^ slcill and the thickness of the iifetal with 
consideration for the qtiendiing effect. 

1. Current - DC straight polarity, 20 to 90 amperes. 

2. Argon flow-- 12 to 15 cii)ic feet per hour (cfh) . 

3. Electrode - tragst^ .040 to 3/32 inch. 

4. Electrode adjustm^t - 3/8 - 1/2 tedi for tee weids; 1/4 
5/16 inch for 'corner. 

Note: ^fflbbve measured frbm edge of gas shielding cup. 



5; Water fiow* apprbscimately t pint per minute. 
Metal Preparation ihd Setup 

Heat and corrosion iesist^t ferrous moy sheet sto^ useS 

for tee joints >houid he sheared leaving a square edge free of burrs 
ffld warpage. Joint edges isast be thoroughly cleaned. ^ 

Note: ^ to .0625 of m incii, no edge prepa^^ 
than cieaStng j»d sqxiare sheering Is necessary. Metal 
over .0625 is sraetines prepared for a single 'V' tee or^ 
a ddubie tce^when^e joint cin be welded from oae side 
' or wlleh majdaaim strengtii is necessary. . ■ 

' Spacing of te^^ joints for feert ids shi^^ed arc welding is^ 
not iecessary becausk the cpntaafrated heat of the arc enables the 
operator to obtain proper fusibo and penetration without spacing. 

General Pro&dures ' - • 

. ,The fbilbwing listed steps are general procedures to be used 
\Sen yelding tee jbinta, _ 

1; Strike auid hold an arc on a piece of copper plate using 
the foot control Aeostat to est^lish^ stable arc of th-. appro- 
xUnate required hea.ti .• - *• 

2. Stride an arc oh^e joint edge and m^e a series of tack 
welds about 1-1/2 inches aparti 

' ii Hold the tbr<i in .such a mmn^r as to bisect the included 
angle nsde by the two pieces beins welded: and as near perpendicrdlar 
to tie axis of the wei4 as practical. 

Note: In wel^g sheets. {»f mequal aiicJaiesSi preheat the 
"heavy Sheet witi a long a::c and direct most bf the hea^ on 
^e heavy sheet during tHa actu^ weiring operation. 

4. ^ ^ filler rc^ at the root of the joint and forward 
edge of the moitm pool* 

5; ;The i6oiten pool md^d^bf the filler rbd shbuld'lse prbtected 
hy the shicldJjig gas daring tie entire weldii^ bpeiatibn. * 

5i In terninatlsg the ijeld, the fbb^ 
to t&& ibw pbaitibiiii the arc .broken, and the shielding gas permitted 
• to flo» over the weld area until it has -cooled to^a bladk heat. 
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QUESTIONS 

Fotc: APT^ex the questions at the end of this chapter on a 
separate s'rvr-^r of paper. 

1. Why is i^ert gas^hieiaed welding used extensively on heat 
and cbrrbsidn resistant ferrous alloys? 

2. What is -oeffi.ient of expmsion for heat and corrosion 
rests tan t ferrba- - cbiapared to carbon steel? 

3. Why is ..ing material usually useS \rtien welding light 
gage inaterials? 

4. What is the current setting rant 2 anfl argbn flow range? 

5. When welding .a _thin square edge butt joint with TIG process, 
what is the requirement for penetration? 

/ . _ _ _ _ _ • 

6. List the Sree different types bf lap joints i. 

i: TOiat should the color be for a properly welded joint of 
corfoaiion resistant ferroiis alloy? 

8. What should the penetration be on a tee joint? 

9. What type of current is used when inert gas shielded welding 
heat and corrosion resistant ferroxis allbys?, 

REFERENCE 

3.. Althouse/Turnquist/Bbwaitch, Modern Weld ine Handbook, (Chapters 
11 and 18), 1967 • 

]■ • 
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M. :ai S NDI Branch .. 3ABR53230-SG-5d3 
Chanuce .-^ti Illisbis 

PeSITION WEL-DING OF HEAT AND CORROSI0N 
RESISTANT FERROUS ALLOYS 

. ■ -J 

OBJECTIVES 

After completing this study guide and your classroom instruc- 
tion^ you will he able to: 

i; . Apply tedmiques and procedures for position welding heat 
and corrosion resistant ferrous alloys. 

INTRODUCTION 

Althbu^ welding procedures ^mge from time tb^ime because 
of dianging requirements > the positions remain the same. Since 
you can't turn am aircraft or a power unit over or stand them bh 
end, you have to weld cracks and jblnts where they are found. It 
seems that the Ir.^ger the part, the more it cracks vertically or 
in a horizontal position. This is why ybu need tb know how to weld 
in the vertical and horizontal positions using the inert gas shielded 
procedure. 

INFORMATION 

■ H^ASEHENT OF DEFENSE ENERGY AND RESOURCES 

■ While weidlng heat and corrosion resistant^ferrbus allbys, 
ybu will utilize prbper si^ecioen setup and flowmeter adjustment 
to cbnserve argon gas . • 

- — r POSITION WELDING 

At first, it may seem 2iat position welding with the inert 

gas prbcess is ^ust as difficult as position welding is with- oxyacetylen 
£Qd the metallic arc Even thougji the basic procedures are the 
sane, the techniques are a little different. ' The Siggest problem 
has ^sjs been to control tie molten pool to keep it to a manageable 
size. IJith the smaller electrbde of the inert ^shielded torch 
and the foot controlled rheostat, it is very easy to control the 
molten pool. The bead contour may be a little higher due to the 
force of gravity but the weld specifications are-.just as easy to 
obtain as they were in the flat position. 

After you have set up the torch, ^cc siie that you Have turned 
on the water and gas. If the water is tot turned on^ it can cause 
the tor^ tb bveSieat and burn but the safety fuse in the power 
fead- If the gas is nbt turned oh, ybu dp not have proper shielding 
and weid becomes contOTinated and may fail. 



25 



■ . ... • r^.. 



In previous blocks when you had to change the position of the 
weld, you aiso had to change tJie type of current and the electrode* 
This is not the case in this block. You use the sane current for 
welding heat and corrosion resistant ferrous alloys in ^e vertical 
|lnd_hdrizontal position as you did to weld them in the flat position. 
DCSP gives you the deep penetration and faster welding speed you 
need to control the tnolten pool and iidniiiiize carbide precipitation. 
It also helps you to control warpage.and distortion in thin sections. 

Equipment 

To weld heat and corrosion resistant ferrous alloys in the 
vertical and horizontal position, you need ^AG-Se welder^ an inert 
gas welding tbrdi^a 2% thdriated tungsten electrode, lightweight 
leather gloves y and a welding lens dark enough to protect your eyes 
from the intense light of the arc. 

Filler Rod 

The filler rod should be t/i6'' in dimeter and^as c3bse to 
the'coiiq)osition of the base tnetal as possible, it should be cleaned 
by. using raery cloth to remove any surface contamination^ st^cH as - 
dirt or rust, and then dipped in acetone to remove any grease or 
oil that may still be on it. Once &e_ filler rdc' has been cleaned,, 
do not touch it with your fingers as this wiU put 'dl fior. your 
skin back on the rod. • . 

There may be tinies when the rvop^i fiJiier rod i:> Uc_. available. 
In this case, you can xise what is kno«^ as "shear st^'*.^.*" This 
is a very thin or narrow strip of material cut froja ajsheet cF m*. ral 
that has the s^ coiiq)osition as Oi^ metal to be weidc'^. 

Metal Cleaning ^\ 

Cle§n all grease or oil frcsm a^e ^t2±, c^^ig a cleaner ^'uc^i : 
as acetone, naptha, alcohol, or trrldilore^nyiene in a vapcr Jegrea^e 
Rust, scale, and corrosion can removed by using; a wire brush 

or emery cioS. Use a 'file to remove h :rs £roa th^ >ds^ ^ ox ttxe 

metal. A 5andbiast^.r should never hi us .d to cIp^^ iie:.. ^d corrosion 

resistant ferrous ^oys because it pxt"* the metal ai?d causes cOTtami^natior. i 

tacking 

The type of joint to be welded dite^xiine:? the n^:^iber of t^ck 
welds you need. Butt joints are tacAed evory 1-1/2 2 aches, 
lap joints are tacked every 2 inches, and tee joints ar:- racked 
every 1-1/2 inches. 

Safety 

Wear gloves while you are handling the metal . S irious ^uts 
wuld result in h^diing the metal barehanded. ? ' c^ure to wear 
gloves during welding ':o avoid getting Lhbcked. 
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Wear a face_shieid while you are buffing the ffletal or grinding , 
the electrode. The' tungiten iiictrode is very hard and ^rittle ^ 
m has a tendency to shatter if it "li fid iito the grinding wheel 
too fast or too hard. 

■ Be sure your helmet has the proper shade lens for you. The _ . 
wrong shade lens caa. cause you to str^n your ^es if it is too dar< 
or to bum them if it is too Ught. The recomaended shades are 
Sj 9, or 10. 

Wear clothing that ci;; Protect you from tiie infrared and ultraviolet 
Ught rays generated in the arc. Exposure to these rays may cause 
first and second degree burr??, iepending on the exposure time. 

APPLICATION 

Welding Honzdntal Butt Joints 

WEW ^ECIFICATIC^S . The weld specifications for any given 
joint are determined by the type of joint and not by the position, 
the horizontal butt joint should have 100% penetration. The weld 
reinforcCTent should be 5Z to 30% with a bead width of 2 to 3 T. 

TE<mHlQmS. The bead of the^vertical butt joint has a teidency 
to run down due to the force of gra^dty.. To control this, maintain 
a 45 degree upward angle of thetordi to the surface plate. Use 
the mihimum am9uht of heat necessary to form tiie molten pool. Once 
^e bead is started, add the filler rod to the leading edge of the 

molten pool. Continue to move along the joint. Do not hesitate 

at any one spot because the excess he^t may cause you to bum tirough 
or allow the bead to sag. v ' ' 

t^RAL PWCEDU^. The following listed steps are general 
procedures to use when welding vertical biitt joints. 

1. " Clean two p»ie of mttal. 

2. file the burrs off the edge^ of thj oetal. 

3. Clean the fiHer rod. 

4. Set Up the torch. Be sure to tx:rn on the water and gas.. 

i 

5. . Set the xnachlne on.DCSP^ the curreat on the low rang^^ _ 
and the st^t aSjustient oh 2. ' . 

6. Tack the joint and set it up the vertical position. 
7r Start the arc and weld the joints 



QUEStidNS . I ' 

• _ - -_ _ 

Note: Answel: the questiooi^ at the end of this chapter on 
a separate sheet of pap^r 

±i What is the biggest prol)iem encountered in position welding? 

2. Why should a face shield be worn when grinding a tmgsten 
electrode? 

3. What determines the weld specifications for a given joint? 

4. N^me the two types of rays generated by the arc when TIG 
welding. 

5. Whidx j6fet l3 considered, tiie most difficult to weid, 
tie hbrizdntal^or veitic^ butt? Why? 

REFERENCE 

1. Aithouse/Tufnquist/Bowditch , Modera^ldinK Sa^dbook , (Chapters 
11 and 18), 1967. 
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dQINTS BF ALUMINUM AlW-ftLUMINUM 
AhbeY SHEET AND PLATE 

eSdECTIVES 

After conpleting this study guide and your classfbom instruc- 
tion, you will' be able to: 

1, Uiderstand and apply the technigues and procedures of 
welding 1 bints ol aluminum and aduminum alloy, using the tungsten 
inert gas ^TIG) process." 

INTRBDUETIGN 

Althou^ aiiminum is the most ibundant laetallic element In 
the earth's surface, it- only ranks fifth among the common nstals 
used -today. It was not until the^discovery of a heat treatable 
sltniiinum alloy that aluminum assumed any commercial Importance, 
tjd^, al^inum and its alloys are the most abundant materials usea 
In air«aft construction. 

INFORMATION 

MANAGEMENT OF 0EFENSE ENERGY AND RESOURCES 

While welding specitnens of aluminxm and alTjminum alloy sheet 
and plate, yon wil.l complete aU welded joints with a minimum a^3?»i 
of filler rod. After you have completed a weld, cut tiie specimen 
as clos-. to the bead as possible, and utilize the remainder of the 
specimen - to conserve materials . 

ALUMINUM AND ALUMINUM ALLOYS- 

FtSe aluminum weighs approximately 1/3 ^at of steel. It is 
a very good conductor of electricity, has a MgS resistance to corrosion, 
and is a good conductor of heat. It is easily fcmed by rolling, 

drawing, hammering, pressing, etc.* into any of the nany shapes ^ 

required. It has veSyJbod casting qualities by the die" cast, permanent 
ibid, or sand casting method. In spite of these desirable properties^ 
aluminum in its pure or nearly pure form has very low strength chsrscteristics. 
This factbr makes unalloyed aluminum -uselesp for structural : aircrart 
parts. — ^ 
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1 TiiTm_j3^3^^--^^^-mJeras"sttbni as low carbon steel. In 
^Tact some fully heat-treated^ cold workeff^ and artificially aged 
aiuminum has the highest weight-strength ratio of any structural = 
pHoy ^wn. Although the aluminum aHoys, as such ^ possess higher 
screngSt characteHstics tr.an the pure meta., most of the a.luminum 



l84 



aiioys have lower corrosion resistance qualities _ than the pure aluminum. 
For this reason^ isidst alloys possess S ciaa_or alclaa coating of 
pure alumintm or some more corrosion resistant alloy th.^ the base 
metal. On metal parts where this clad ' coating is not present to 
protect the base metal other cbrrdsidn preventive treatment, such 
as painting, aS5aizing, etc. , is used to induce high surface corrosion 
resistance. Heat treatment may increase or decrease the corrosion 
resistance of aluminum aiioys i 

WELDING BUTT, LAP, AND TEE J9INTS 9F ALUMINUM ALLOYS 

fmgsten inert gas (TIG) arc welding process is considered 

the best method of welding aluminum. The .process uses a diemically 
inert gas (argon or helium, or mixtures of both) td_keep the atmosphere 
away from the electrode md tit e molten weld pool. _ The shielding 
gas does not in any-^ay interfere with the visibility needed by 
the welder to do a good tnannal welding job in making neat and sound 
welds. ^ . 

Mumintr.i and aluminum allpys that can be welded b^ the TIG 

welding pr.;o5SS indude 1100, 3003^ 3004, 5050, 5052, 5154,. 

5083, 6061, 6062, and' 6063. Welding of work hardened nonheattreatable 
alloys reduces their higher strength. Heat treated alloy in the 
"as welded condition" can be expected to develop about 40 to 60 
percent of "strtagth of the heat treated alloy. 

. *^ TIG WELDING PROCESS 

Tungsten inert gas process is preferred for welding aluminum : 
sections which are less than 1/^6 inch in thickness. Welding fixturra 
are sometimes necessary and should be vsc^ in welding thin sage 
material to prevent warpag6. TIG may also be used to weld heavier _ 
sectioi. In the TIG process, the arc is est^lished between a nonconsumable 
tungsten electrode and the parts to_be welded with a shield of inert 
gas enveloping the arc and weld pb61_. The arc melts the base metal 
and a bare filler rod of suitable alloy is manually added to the 
molren pool. Welding can be done rapidly from all positions. Flux 
is not required in TIG welding because ate action of the arc breaks 
up the oxide film and allows good weld metal to flow. A shield 
of iaeit gas surrounds th^ electrode and the weld pool to prevent 
oxidatioS duriig welding. TIG welding is faster than gas welding 
due to the heat of the -t unfasten arc concentrated in a small area. 
Distortion in TIG welds are less than for gas welds. 

—Power Source . 

^ For any' ^f^eiding process, heat musu be suppiied^b the base 
^-tal and the filler metal_Iif used) to fuse the component parts . 
The source :bf heat in the TIG process is the electric arc maintair.ed 
betwe;:rn the electrode and the worfcpiece. : 
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Alternating current is reconmehded for TIG welding of aiuminum; 
f6i soiie welding appiicationi , dirict current reverse polarity (DCRP) 
is -uiid success fixlly. To better understand why alternating current 
is ricoiSeSaed fbr TIG welding applications, direct current straight 
polarity (DCSP) and DCRP are to be considered first. In DCSP welding, 
the electrode is negative and the work positive, so that the electrons 
Kb from the electrode to the plate. In DORP, the electrons 
from the plate to the electrode. In DCSP welding, there is considerable 
heating of the base plate, which is receiving electrons, while the 
electrode stays relatively cool. During DGSP welding, the opposite 
is true. As the electrode receives the heat from the electron transfer, 
it is overheated at quite IbW currents. This ii^ts DCRP for TIG 
welding, since there is likely to be tungsten bum-off and contamination 
of the weld. 

^Alternating current is widely used for it offers both the advantages 
of DGSP and DCBP welding. Theoretically, AG welding can be called 
a coSination of DCSP and DCRP welding. 
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(A) -^tjME 

(B) CC) 

Figure 18. Current Ftm in AC Wetding. 
<*■ • _ _ . ■ _ . _ 

In AC weldingj when the current passes tlircu^ zero, figure 
18, the arc is brok^. To restart the arc, high voltage, high frequ,?ncy 
(120,000 cycles) low power additional current is superimposed on 
the welding current, Lovr frequency A" is difficult to start and _ 
maintain the ^c. In using high frequency, a path is established 

for the current to follow when the arc is struck at zero current. ^ 

After the arc is started md stabilized, the high frequency is awtomatically 

cut off. 

Welding Eqi'iP'ne"* 

In a iition to the AC power source, the required equipment is 
as follows: - - . 

1, : TIG welding torch. 

2i Inert gas supply* regulator-flowtnrrer, hose^ and fittings. 

3; Filler metal. 

h. Water supply and fittings. 
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5. Helmet or eye shielding, atid protective clothing. 

6. ' Welding fixtvxes or backup plates. 

For currents above lOU amperes^ cooling the torch and power 
cable is necessary because of heat generated by the arc and the 
: current passing through the cSbie. For welding ctirrents below 100 
anq>eres, air-cddled torches are satisfactory. 

Water used to cool the welding gun should be clean to prevent 

clogging or flow restriction. Overheating can welt the silver brazed 
^tai joints 'in the gun md the plastic water txibe_ which sheaths 
the electric cSie. A control mechanism is available which does 
not allow the welding currmt to start imless the water is flowing. 

Some TIG weldiilg equipment is provided with soienoi^ valves and _ 

valve timtog cbntrblsto control the flow of water and gas during 

welding. When the welding is stopped, the timer allows the water 

md ^s to flow for a sufficient length of time to allow the tungsten 
electrode to cool,' thus preventing cbnta?ninatibn when i_t_i$ exposed 
to air. The tungsten must cool bright and shiny. Any bluing or 
biacketiing of the tungsten indicates a lack of gas coverage. 

# _ _ __- _'_ 

The TIG welding torch carries^ the welding current, and directs • 
the jx^^rt gas to the weld area. The torch must be properly insulated 
for rhe m^tx-^m'^^ current ranges to ensure operational safety. Current 
is transmitted from the AG transformer through the power cable to 
■a collet holding- the tragstCTeleotrcae. Gas ports surrounding 
the electrode permit the inert gas to enter the nozzle or cup which 
is directed upon the surface to be welded. 

The electrode should extend beyond the end of the gas shield- 
ing cup a distance equal to its _di ameter_ f or butt welding ^and slightly 
further (1/8 to 3/15 inchj for fillet welding. Selecting the right 
size electrode for eacli job is inpbrtc^it in preventing electrode 
damage (pizre ttmgsten melts at 6125^F) and causing poor welds by 
too high or too low a ct^rent. Excessive current will cause tungsten 
particles to transfer to tie weld ^ile insufficient current allows ; 
the arc to wander erratically over the end of the electrode* Recommended 
electrode sizes for various ranges of welding curreist are shown 
in tstble 1. 

Filler Material - 

Additionki fill# met^ is not necessary in TIG welding when 
enough parent metal is provided by the joir/, design "o form the 
weld bead. For other welds it is often necessary to add filler 
metal. Filler metal in the fbrs of straight length, hare rod, is 
used for manual veldiig. The filler rod should always be placed 
withitf the inert gas shield and at the leading edge of the weld 
pbbl. Tbb large a rbd disturbs and often freezes tiie pool, while 
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Electrode 


Gas Cup 


WelSing Gurrent (Amperes) 


Bia. In. 


No. 


AC' 


DCSP 


DCRP 


' ;S40 


6 


10-40 


10-40 




1/16 


6 


20-60 


20-75 


10-20 


3/32 


6-7-8 


30-100 


30-100 


15^20 


1/8 


6-7-8 


150 


/ 

100-150 / 


25-40 


3/16 


7-8 


260 


125-200 


40-80 



Tc^le 1. Selection of Eleotrode Dicmter^ Gas Cup and Current Setting. 



a rod too small in size forces the welder to feed too^fast for steady 
hand operation. Care inust_be taken to see that a compatible filler 
may restiit. Dirty rods wiU_ contaminate the weld ^and every effort 
should be made to use only clean rods. 

Metal Preparation 

Cleaning the surfaces to be welded is of major i^brtance in 
all aluminum joining regardless of the welding process.- Cbd.de, 
grease, or oil film remaining on the edges to be joined cause unsound 
welds. Mild alkaliae sblt>tions and commercial degre^ers that do 
not give off tbrfc fimes curing -wel<iing_ are used successfully to^ 
remove surface cbntamtagnts befbre welding. All welding surfaces 
should be thoroughly dry after clean^g to prevent porosity in. the 
weld metal. Oxide film shs>uld be removed from the surface bf the 
aluminum by using aLiiminm wool or brushing with a -dean stainless 
steel wire brush. ' _ ' 

- ^ JCINT DESIGN 

The choice of joint desi^^d root bpenings reqiiired for TIG \ 
welding are determine^ fee structural reqxiirements of the weldinetit. 
On relatively thin_ materials, 1/16 to 3/16 indt thickness, the square 
butt j bint is usually satisfactory for tite Ti6 process. Design, 
vari^ from the squaia butt for 1/8 indti sheet to 60 ^gree included 
angle vee joint for 1/2 inch plate. The basic types of Joint designs 
are the Dutt, lap, te-^^ corner^ and edge. Almost any f^rtcatton 
will have one' or a bpmbihatibn bf two or mpr^ of these basic types, 

dep-uai-g upon tiie p^sical properties desired^ type' of metal being - 

weidedj the size, shape, and appearance bf the assenibly. Weld specifications 
vary -slightly as to the type of metal and physical properties desired. 
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Butt Joint 



The squ^^e edge butt joint can be welded with or without filler 
rod, depehdiS ^P«>^ thickness of the piecea being welded. Hetal 
u^ to md including 1/8 indi can be welded with no edge preparation 
other than r^bving burrs and cleaning. Welding is done from one 
side only, on metal of 1/8 inci tiiidqiess or less. On netai i/8 
to 1/4 inch thidraess, a square edge butt Ibiht can^be used if the 
joint is to be welded from both sides, as shown in figure 09 . A 
single yee butt joint is used on metal 1/8 to 1/2 inch thickness 
when welding^ is done from one side on3y. Meta^over 1/2 inch is_ __ 
prepared with a doxSjle yee or double U, as shown in figure '20. Filler 
rod wast, be used to fill. the vee or U. 




Figure 19^ Square Edge Butt Joints. 




Single-Vee Double- Vee ' Ifcuble-U 

Figure 20. Singli-Vee, Double-Vee- and Daiible^U ■ Butt Joints. 

Lap Joints • 

A lap joint needs no ^tai preparation other tiian cleaning ^ 
and removing burrs. The plates must be in close contact along the 
joint edges, to prevent burning may of the upper plate. On material 
tj^ to 1/4 inch thicks a lap joint cpt be made with or without filler 
rod. Lap joints are not' reccnmended on metal oyer 1/4 indi thick 
except for roupi fitup. Three kinds of lap welds are_ the single 
welded lap, double welded lap, and the goggled lap. In figure 21, 
the_doia>le welded lap is^«le only lap joint diat will develop the 
full strength b? he base metal. ^ . 
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SiR@LE WELDED LAP 
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DOUBLE WELDED LAP 

Pt^e 21. Ty'ge<^ of Tyt-^ Jfdnts. 



JOGGLED LAP 



Tee doints 



The plain tee joint, which is used on fiietal up to 1/8 inch 
in thickness, needs no special preparation other^than cleaning the 
edge of the vertical sheet and the surface of the horizontal sheet 
where the weld is ^cr be made. Welds made oif laetal having a thickness 
of If 8 inch of more requires beveliirg of the vertical sheet. A single 
bevel is used on metal up to 1/2 ^n^h where welding is done from 
one side "only. A double bevel is iisSa when the joint can be welded 
frbu both sides. Joint preparation is shc-m in figure 22. 




%tft.N TEE "dOiNT ; .^IWGLE ^Et TEE DOUBLE BEVEL TEE 

Figure 22. Types of Tee Joints. 

' - WEbBING SETUP AND APPLICATION 

^ On relatively thin materials, up to 1/8 indi thickness, the 

square butt joint is satisfactory. The weld should be supported 
^ a backup bar; or plati when feasible, except when welding is done 
from both sides. Tliis batdcup bar may be copper, steel, or aluminum. 

Coppef ^d steel backups should be removable. When an aluminum 

backup bar or plateiis used, it^shoiild be compatible with the parent 
metal, t Backup plates are recommended whenever possible to control 
• w^ld ^efetration and permit f^ter welding speeds. Inert gas backup 
can be used v^ia higjt quality welding ir -necessary. 

^ • . _ ■ _ " ^_ _ ■ 

• 1. Place thei'^I&ses of metal in a fixture and butt edges 
to chedc for fitup/ani^ignmcnt. Clarp the pieces for alignment 
\ j and'spacins. Coofl JoSt fitup makes welding easier. 

.-•2. Adjust the' current setting and argon flow* for the thick- 
ness of the metal being welded. - • 



3. Tack weld 
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at. about to 1-1/2 inch intervals; the tacks 



and small* 
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ft. Start the arc by bringing pe tmgsten electrode close 
to the work surface. The electrode does not have to touch the work: 
surface becaiiisi the high frequency current forms a path to the j^ork 
piece % . . 

5;' Adjust the arc to the desired lengthy bepween 1/8 to 3'/16 
inch. . - ' 

6. Hold the arc at the starting point tintil the metal liquifies 
and a molten pool is established. ' 

■ ^ . ' ■■ 

7. Add the filler rod manually to thi front /irge of the ^Iten 
pool, melting a small amount and withdrawing the rod- ^ 

/ 8. Point the torch in the direction of travel with a 10 . 
20 degree angle from the vertical posrion. 

9^ Keep^ the filler rod fairly flat to the work surface between 
15-30 degrees from horizontal position. 



lb. Advance steadi^iy^ along the line of weld^ keeping a uniform 
/ r.^ad with evenly spaced ripples. ^ , * 

11. To /terminate the weld, ^ rel<;ase 'pressure of f the foot control 
'itch 3 keeping the rbrcji directed on the molten pool. Gas and ► * 
■ ar will continue. to flow for a few seconds, codling the weld", 
eventing contamination of the metal and tungsten electrode. - 

QIJESTIQNS : ' ' / 

Note: Aniwer the questions at the. end of th::3 chapter 

cn a separate sheet of paper. _ 

1. ' How does the weight of.alurdnun compare to steel'' 

2. How does the- corrosion resist^ce o£ alumihun alloys cocrpare 
- to the\pure metal? ' r ■ ^ " 

3. How dbes the strength properties af alxtmln aii^s comparp 
to low carbon,^ steel? . 

4. I-ist' Che aius::-niim "and aluninusi alloys rhac may -c welded 
by the TIG welding process? . • 

■ _ _ ■ " _ _ _ _■ ^_ _ ■ -'^ ^ 

* .5- What does a bluing or blackening cf the tungst-en ixidicate? 

*^ ■■ ' . 

' 5. What happens if ajtyb, large filler rod is used^or TIG 
welding stiuminum? Too small, filler rbc- 

♦ . 

REFERENeE ' . • - ■ 

i. Althou > /Turnquls t/Bowdl ten . ^{oderru Welding Hancbook , (Ghapcers 
11 and 185 , I9.&7 , . ' - - : , / • 
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Metai & NDI Branch- 
(Santxte AFB^ Illinois 

' " ; 'BLTTT- JOINTS OF MAGNESIUM 

OBJECTIVES " 

After completing this study guf:de and your classroom instruc- 
tion, you will be able to; 

ii Explain the composition of magnesium and magnesium alloys 
and some of its uses* 

2. Weld: btitt -join cs. — - • -■: - ■ - ■ 



INTRODUCTION 

Magnesium and maghesiTjm alloys, are thl lightest structural 

ssetals. Pure magnesium melts at 1202^F and catches fire very easily 
at a slightly higher t^eratufe. It burns with a flame temperature 
of over SOOO^F. It is iigitweight^ easy to machine highly corrosion 
resistant, and has high strength^ ' It is aHoi^ed with small qu^tities 
of other metals ^ such as, aluminum, manganese, zinc, and zirconium __ 
to obtain desired properties . , It can be welded by most of the welding 
processes. Because magnesium dsd-dizes rapidly whe^ it is heated 
to the. melting point in- air * a protective inert ^s shield should 
be used in TIG welding to control bacL-datibn. - 

INFORMATION 

• ^ MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

tJhiie inert gas shielded welding magnesium sheet, you will 

complete ail beads with minimum amount of filler rod. After you 

have completed'^a weld, cut the specimen as close to the bead as possible 
and utilize remainder of the specimen to conserve materials. 

. : MAGNESIUM AND MAGNESIUM AtbOYS 

In the wrought form, commercially pinre magnesium has a tensile 
strength of approximately 35^000 psi. It is nonmagnetic and has 
a relatively high thermal conductivity ^ which is desirable when 
'rMpid dissipation of heat is required. Host cold forming operations 
are in^bssible because the slip planes present in nwst metals, do 
not exist in magnesium. For these reasons, hot^fonoing ^must be 
performed between 400*' and 600^F. The height of the temperature^ _ 
' depends upon the. thickn^ss^bf the metil and degree of bend required, 
Magnesitm and magnesium alloys maintain their, structural strength 
and are unaffecred by heat up to 200 ''F. Above this temperature, 
the metal or alloy tmds to expand, The_ampunt of expansion and 
Ibss of strength depends upon the type of alloy and the type of 
heat treatment. 
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• • _ 

Magnesitm alloys do hot cbrro_de in dry air; but retain their 
Lght silvary metaiiic luster. They are not .severely.' attacked 

cprrbsion in ordinary moist air encoimtered.ih inland areas^^ 

ordinary moist air, the alloy develops a thin gray filta of magnesium 
Lde and carbonate. In a salty atmosphere, the chlorides tend 

increase the tendency to corrode when concentration of the salts 

the air are sufficient to encourage corrosion. Even when a slightly 
tty air is present, the gray film tends to retard corrosion and 
jvent daSgerous corrosive attack for several raanths. Magnesium 

resistant to corrosive attack by most alkalines; many organic 

imicals,. pure chromic acid,- concentrated hydrofluoric acid,- solutions 

alkali metal arsenates ^ flourides^ chromates , and dichromates. 

ler acid -and salt solutions corrode magnesium to varying degrees. 

r-anrdunlr-bl-cbrrosl^ service^ 

well as the kind, bf rfiemicals attacking the part. ^Por this reason, 
ting parts of magnesium are xisually coated with a ^emical treatment 

some form of. paint primer. In addition tb atmospheric and chemical 
erosion, magnesium products may be stigect to galvanic corrosion 
ring iabrication operations and in actual use because Of : 

1. Rubbing against steel. 

2. Cleaning with wire brush, steel wool, or emery cloth. 
; 3. Shot blasting or. sand grit blasting. 

4. Gas welding. . 

Magnesiuk products: are supplied to the best condition pbssible 
d iaaciiam'care should be -exercised during fSriSation to prevent 
atamination. Magnesium allbys are also subject to stress _ corrosion 

acking. This type of corrosibh takes place vrfien che metal is 

der stress in the presence pf a corrbsive; nedium. It takes place 

en a part under stress begins to crack and the cr?::king causes 

w surfaces to be op^ed up to corrosion. The cbrrbsibn j-then begins 

the crack and weakens the part further .which results in more 
acking and corrbsibh, until failure of the part results. 

Magnesitm alloys are produced and used in rany shapes and forms ^ 
ch as castings, extruded bars^ rods, tubing, sheets and plate, 
d forgings. They are suitable for varied applications. Their 
hereht strength, light weight, shock and vibration resistance 
e factors which make their Tee^desirable. Tne weight for an equal 
lume of magnesitim is approximately two-thirds that of aluminum 
d one-fifth of steel. 

MAGNESIUM IDENTIFICATION 

Kiber System 

The current iystem used to identify\ma|nesium alloys is a two 
tter, ^d two. or three digit number desi^ation. The letters designate 
e major alloying elements, arranged in decreasing percentage t)rder. 
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or iii alphSetical prder if the elements are of iqual as^oun^s* followed . 
by- the reipective' digital percentages of theii ilin^nts. Tlje percentage 
it rounded off to the Searest whole tiuinber, or if a toier,3nce range 

<>f the alloy is specified, the mean of .the range, (rounded of f to 

the nearest whole number) is xised. A letter f billing the percottage 
digits denotes the latest qualified version of the alloy- For example:- 
Mloy designation AZ92A would consist of 9% (mean value) aluminuffl_ 
ind 2% (^ean value) zinc as the major alloying elements. The suffix 
*«A" indicates this is lie first qualified alloy of this^type. One 
exception to the use of the letter is that an "X" indicates . that 
the impurity content j!s controlled to a low limit; Some of the 
letters used to desi^ate various alloying elements" are: 

A , . ^ ftli mrh — ^ . " - ' E -. . - ^Jlare_Rarth L _ 



H . . . Thorium 



K . . . Zirconium 



H . . . Manganese , * - - Z . . . Zinc 

METAL PREPARATI9N 

Edges that are to be^ welded mSt be smooth and free of loose 
pieces and cavities that might contain contaminating agents ... such 
as oil or., oxides . _ 

eieaniilg ' 

i^^^^^ dirbme-pickle finish is nsnaiay^provided 

on magnesixm alloys for surface protection during shipment and storage. 

%is oil, together with other foreign .matt er_ and metallic oxides , . 
must be removed froi tiie surface prior to welding. Chemical cleaning 
is preferred^ because it -Js faster and more uniform in its action; 
Hechanicai cleaning can be used if chemical cleaning facilities 

^are not available. A final_bright chrome-pickle finish is recommended 
for parts tha?E^are to be welded. 

Grease should be removed by tiie vapor degreasing method in which 
trlchlorethylene is used or with' a hot ali:aiine cleaning compouad. 
Grease may also be removed By dipping small parts in di^ clea^^ 
solvent or mineral spirits paint thinner. :MechaiacaI cleaning can 
be done satisfactorily with 160 to* 240 grits altminum oxide abrasive 
oLoth, stainless steel wool > or by wire brushing. I^diately after 
S:e grease, oil^ and other foreign inaterials have been removed from 
Ae surface, the metal should be dipped for thres minutes in a hot 
solution with the following compositxbns: 

^Chromic acid (CR 24 6z 0^) . 

Sodium nitrate (N 4 oz NOj:; - 
• a «3 

Galcixjm or magnesium fluoride 1/8 oz; ^ . 

Water ; . ; ; . . to make 1 gallon. 
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Note: The bath should be operated at 70'' to 90 ''F; The 
work should be removed from the solution, thoroughly rinse'^ 
. witiilhbt water i and air dried. The welding rod should also 
be cleaned to olDtain the best restilts. 

ety PreeautiGris " ^ 

Goggles, gidves, and other equipiEent designed to protect the 
s and skin of the welder should be worn. 

The possibility of fire caused by welding magnesium metal is 
y remote because the temperature of beginning fusion must I; e reached 
ore solid ma^esiui ignites and sustained burning occurs only _ 

this ten^erature is maintained. Finely divided ma^esium particles^ * 

h as grinding dust, filings, shavings, b or tegs, and_chips present 
e hazrd, since they ignite readily if proper precautions are 

taken. Magnesium scrap of this type is not common to welding :^ 
ration. If a magnesiuiti fire does start, it can be extinguished 
h dry sand, dry powdered soaps tone ^ or dry _cast. iron dtips. The 
f erred extinguishing agents for magnesium fires ar^ graphite 
e powders. 

WELDING PROGEDURES: . \ 

Because of" 1 ts~fipicl" oxidation when nagSesium is heated to - . 

melting pointy an inert gas (argon or helium) is used to shield 
inetal during TIG welding. ..! 

Direct curr^t machines of the stable arc type operatteg on . p -J: 

erse poiari^ (electrode positive) and altematteg curr»-4t machines, ^ 
h a hi gji . frequency current supeid^osed on the normal weldteg 
rent, are used on magnesium. Both alternating and direct current 
hines are used for thte gage tssaterial. However, because of better . 
etratihg pqwer, altematteg current machines are used onjnateriai 
r 3/15 tech thicJc, Helium is mbre practical than, argon for use 
h direct currrat reverse polarity; however^ three times _as much 
ium by voixme as argon is required for a given amount of welding, 
on is used with alternatteg ctarr^t. 

The electrodes, which are composed of tungsten^ are held in 
ater-^cobled torch equipped with required electrical cables and 
tings and an inlet and nozzle for the inert gas. 

The two ma^esitm alloys ^te tie form of sheets plate, and 
rtision, that are most commonly used for applications involving 
dteg are ASTM-IA (Federal Spedtfication QQ-M~54) , which is alloyed 
a maiigaiiese^ and ASTM-A23.1A (Federal Specification QQ-M-44) , which 
alloyed with alumteum,^4S^ganese, and zinc. 

Less preparation is required for weldteg with alternating current 
i with direct ctu^ent because of tie ^eater penetration obtained. 
5ts up to 1/4 "tr^rfr thickness may be welded from one side with 
juare Jjutt joint • Sheets over 1/4 inch thick shoxald be velded 
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'from both iid^ whea the nature of the itrUctuie perniit?, Ji^s|unde^ 
welds-may be-bbtataed and -less warpage results; for a double V joint, 
the included '^gle should extend from both sides to leave a minimt^. 
i/i6 inch root- face ii the center of the_ sheets; in walding a double 
V joint, thfe back of die first bead shoxild be. chipped out, using 
a chipping hammer fitted with a cape chisel, to remove oxide film, 
d±tt;' and .incdn^letely fused areas-before the second bead is added, 
in this manner maximum soundness^ obtained. 

The ias should start flowing a fraction of a second before 
the arc is struck. With direct current, jthe arc is struck by brushing 
tiie tungsten electrode over the surface. With alternating current* 
tiie arc should be started and stopped by means of a remote control 
switci. The average arc length should be about 1/8 inch in using 
-helium -aird-l/i6-±nch-^tn-usittg-ar«oit. - ; — 



in welding with, alternating current, maximum penetration is _ 
obtained when the end of the electrode is held flush with or slightly • 
below the stSface of the work. The torch should be held nearly 
perpendicular to the surface of the work snd the welding rod added 
from a position as nearly parallel with the work as possible. 

Welding should progress in a straight^line at a uniform speed, 
with h5 Notary or weaving taotion of the rod or torch, except for^ 
large corner joihts or fillet welds. The welding can be fed either 
continuously- or interiittently , but care should be t^en to avoid 
withdrawing the heated end from the protective gaseous atmosphere 
during the welding operation. Forehand valding, in which the welding 
ibd precedes the torch^in the direction cf welding, is preferred. 
If stops are hecessar^r, the weld shcuic be started about 1/2 inch 
back from; the end of the weld when welding is resumed. 

Because of the high coefficient of dermal exp^sion and conductivity, 
the control of distortion in tiie weiding of magnesium presents /some 
difficulties, but rigid fixing, small beads, and seiect^d^sequence ^ 
in welding minimize distortion. Hagnesium parts can be-^aightened 
by holdihi them in position with clamps and heating to 300 to 400 F. 
If this heating is done by local torch application, care must be 
t^eS not to overheat the metal and thereby destroy its properties . 

if cracking is encountered during tiie weldiiig of cef tain magnesium 
alloys, starting and stopping plates may be used to overcome this ^ 
difficulty. These plates consist of scrap pieces of magnesium^ tock 
butted against opposite ends of the joint to be welded, as shown . 
in A of figure 23. - The weld is started in ohe of -he abutting plates, • 
continued across the function, along the joint to be welded, and 
stopped on the opposite abutting plate, if a V groove is used, _ 
the abutting plates should also be grooved. An alternate method 
is to start the weld in the middle of th<5 joint and weld to each 
edge {item B, figure 23) . Cracking may also be minimized by preheating 
the plate and fixture to 200° to 400°F, and sometimes, by increasing 
the speed of the weld. 
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START WECO 
FROM CENTER 

FIRST DIRECTION 



SECOND DIRECTION 



Figvx^e 23. MLnirnizing Cracking During Welding. 



qUESTIONS 



Note: Answer the questions at tihe end cf this chapter on 
a separate sheet of papers 

1. Name some e3ctinguishing agents used for magnesium fires. 

2* Hdv7 is TTiflTHTninn penetration ol>tained tstien welding magnesium 
wiffi &e? 

'3, How is cracking fiiimized when welding magnesium? 
4* List three ways to minimize distortion when welding magnesiton. 
5, What is the majbr alibying eleinents in AZ92A magnesitim? 
REFERENGES . 

!• Althouse/Turnquist/Bow Modern Welding Handbook , (Chapters - 

11 and 18), 1967- 
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Het^ 5 n5l Branch . 3ABR5323e-S6-506 
ehantite AFB^ Illinois 

JOINTS OF A-286 AttOY 

(BOECTIVES r 

After completing this study guide and your classroom instruc- 
tibn^ you will he able to: 

1. Apply the proper welding techniques to weid j bints iii A- . 
286 alloy^ 

.iNTRODUeTION ' ... 



~ A-286 is an iron b used in the construction of the" 

newer jet engines. It is i^the work hardenable chrofflium-nickel 
austehitic stainless steel group aiJ: is nonmagnetic. It develops 
hirdhess by titanium precipitation with a smaller hardening affec^^^ 
Produced by molybdenum. A-286 is able to withstand more than 10 »OpO 
-pounds per squ^e inch (stress rupture) for 100 hoars at temperatures 
ranging from 1200*' to 20O9*'F and is a>lc to retain its strength 
up-R> 14pO^F. 

The A-286 alloy is a superaiicy and is xather difficult to we.ld 
until the tedihique is mastered. The weld requirements oh A-286 
mteriai Is very critical .ind all weld rep^xs on ^rcraf t jfet engine 
psrts must be accomplished by metals processing technicians who 
fea^e been trained and c^^rtified oh A-286 iifetal. ■ ' 

INFORMATION ' « 

riANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

While inert, gas shielded welding " 286 ailby sheet, you will 
co^lete ail beads with minimum amount of filler rod. After you 
have co^ieted a weld, cut the specimen as close to the bead as 
possible,- and utilize the remainder of the specimen to conserve 
materials. ■ 

WELDING A-286 

TIG welding has been found to be the best suited fusion welding 
process for Repairing or welding A-286 alloy. Argon gas shielding 
is preferred on ratter ial of light gage, with helium being used on 

heavier materiaj.. The welding of A-286 alloy is more critical than 

other alloys Of this type in Aat there is a greater danger of cracking 
if the weld is nb1§s,5)roperly shielded ox if it is permitted to bum 
thfbugh with.out a backup Of either shielding gas or a copper backup 
biodc.' 
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Requirements • * • 

Th'e welding requiretnents of A-286 alloy are critical and in 
order to produce full metal strength^ the_ proper penetration and • 
reinforcement must be maintained. The weld specifications for the 
butt and tee joints are given below. 

1. Butt joint - 100% penetration and 5% to 30% reinforce- 
ment. " 

2. Tee jotot - 25% to 80% penetration. 
Butt Joint Preparation 

J. Low c urrent, setting jof 35 to Ji0_ampef es C tIC - str aight _ _ 
polarity). ? 

2. Remove sharp edges or burrs with file. 

3. Clean weld area using stainless steel brush or wool. If 
emery cloth is used^ remove dust before welding. 

4. - Position gas shield backup or close-fitting copper plate. 

5. Spacing: 0.020 inch. 

6. Backup gas rate: 3 to 10 cubic feet per hotS (cfh) . 

: • 7. Gas shielding rate: 12 to 15 cuTjic feet lier hour (cfh). 

8. Tunis ten electrode: 6rind to a needle point and extend 
approximately 3/16 to 1/4 indi beyond gas cup. 

9. Torch angle: 75*" to 90^_. 

10. _ Edge preparation: Sheet heavier than .060 Inch, "V" edges 
to 50% T. 

Tee uoint Preparation 

1. Tacking: three places on the backside. 

2. &d tacks at least 1/8 inch from ends. 

3. Clean weld area with emery paper and remove dust before 
welding. 

4. Thliiner coupon or stock used as lower plate* 

5. Keep electrode pointed. . 
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Welding Procedures * _ ; 

The foiiowing listed steps ate general procedures to follow 
when welding A-286 aiiby: 

1. Clean all parts aibroughly before weidiiig.. All scale, 
grease^ and foreign tnaterial mast -be removed from the area to be 
welded. ^p.^-^'-s^ « • 

2. Set current, for tiiidcness of material to be welded. 

3. Check ail tacks for cracks before welding over thm. 

4. Use copper tabs to start and finish the arc whenever possible. 



— K :gep-i:he--f tl'leirw^e"^ the g^s prbte-ctive sliield--at ~ 

aii times . ^ 

6. if it is necessary to stop and start again, grind*" out 
the point where the weld was stopped before restarting. 

7. ' To stop the weld, use the^oot control rheostat to help 
eliminate crater cracks. Do not terminate welds on sharp comers. 
There is danger of cracks occurring if you terminate welds on sharp 
corners. 

8. * When it is necessary, welding Should be sequenced to minimize 
stress introduced during welding. 

9. To avoid distortion, copper and argon backup shields should 
be used whenever possible. If it is possible to use both, do so; 
but every effort should be made to use at leasf one. 

QUESTIONS - 

Note: Answer the questions at the end' of this rfi^ter on a 
separate sheet of paper. 

1. What is the base metal for A-^86? 

2. To what group of stainless steel does A-286 belong? 

3. How is A-285 hardened? 

4. Why are welds on.A-286 sometimes sequence welded? , 

5. When multipass welding, ^what should be done to each bead 
•welded? 

REFERENCE 

1. Althouse/Turnquist/Bowditc^^ Modern Wel 4ing Handbook ^ (Chapters 
11 and IS) , £967. - 
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rdBINTS OF CHROMOLOY- ' 

QBdEeflVES 

After co^ietlng- this study . guide and your ciassioom instruc- 
tion, you will be able to: . _ 

, i. Apply- the correct techniques and procedures for weiring 
chrbmblby. - ' 




INTR0DUCTION 

Chroioioy is one of tlie many ne» alloys- being "used in our 
day a-'rcraft. This alloy meets tiie medimii high tecperature sei 
requirements of jet engine turbine sections. It mast be free^ 
all defects, such as laps, seams, seals, cracks, hard spots, and 
^y other defect which may be detrimental to the use of the materxai. 

iNF0RMAf I0N • ' 

MANAGEMENT OF DEFENSE ENERGY AND RESBURGES 

^ _ _____ ' "> 

' ■ While inert gas shieided welding dirbmblpy sheet, you will 
complete all beads with mtoiiam amount of filler rod. After you 
have completed a weld, cut the specimen as close to the bead . 
possible, and utilize remainder of the specimen to conserve materials. 

QlROMQbQY 

Chrbmoloy is processed in the annealed condition. After a part 
has been fabricated by welding, it is normalized at 1725 F f or.^o^ 
hours, and then air-cooled. This produces a hardness of approximately 
Re 36-40. If it is tempered at i200°F for two hours and air-cooied, 
She ^imum hardness will be approximately RC 30. 

S^ce chromoloy is a hew alloy, you sHS^ become faiSLliar 
with tts properties, diaracteristics, and the welding procedures « _ • 
vsed to repair it. The actual -weMing technique used to weld chromoloy 
should present no problem for yot^ Chrbmoloy is one of the easiest 
to weld bf the new alio]^ used in the aircraft field. 

WEhDING GHRGHnbQY 

The foUovfing equipment and materials are used to ensure ^rbduction 
of quality welds in chrbmbloy: 

1. Welding machine - M-se rectifier with fbbt control rheostat. 
2; Lightweight (inert gas) arc weidSg torch. 
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3, Two percent thbriated tungsten electrode i 
4; 'Argon gas for protective shielding. 

5. Argon gas for backup gas (copper plate) . 

6. Welding lens: Use nuciber 8, 9, or 10^ Anything over 10 
is not feconnnehded . • » 

; 7; tlghtweigfit gloves. 

8. Cppper-coated-diromoioy filler wife of sheared stock for 
inert gas welding. - ' 

^ .The following steps are general procedures to be tised when welding, 



1. tow cuffent setting: 45 to 55 amperes > DC, straight polarity. 

2. Remove sharp _edges of buffs on matefial with file. ^ 

3. Clean the weld area, us4ig stainless steel brush or wool. 
If emery cloth is used^ remove dust-feefore welding. . 

4. Position gas shield backup .or close fitting doppef plate. 

5. • Spacing: 0.020 inch. ^ . . 

6. B^up gas rate: 3 to 10 cubic f eet» pef hour Ccfh) . 

7. Gas shielding rate: 12 to 15 cubic feet per houf ' (cfh) . 

8. Tungsten electrode: Grind to a needle or sharp point • 
and extend approximately 3/16 to 1/4 indi beyond gas cup. - ' 

9. Tordi angle? 75 to 90. • ^ - 

10. Remove all of tiie copper coating from the fiiief fod -prior 
to welding. ^ 

QUESTIONS , : ' 

Note: Answer the questions at the end of this chapter oti 
a separate sheet of paper. 

1^ In what condition is tiiromoldy processed? 

2.. What type fiJief wife is used for Ti^relding cJirdmoloy? 

3. What is the current setting feconnnended when welding cliromoloy 

4. Explain the electrode preparation for welding chfbmoloy. 
5; Explain the* use of chromblby oh aircraft. 



REFERENCE " 

1, Aithbuse/Tumquis t/Bowdit<3» , Mbdeni Welding Handbook . (Chapters 
11 aid 18) i 1967. 
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Mital & NDI Branch . 3ABR53230-SG-508 
ebaaute AFB, Illinbis- 

BUTT JOINTS OF NICKEL BPSE ALhQYS 

OBJECTIVES . 

After cbn^aeting this study guide and your classroom iostruction, 
you will be abls to: 

ii • Apply the techniques and procedures to weld nickel base 
alloys. 



of 3^t 
steeA 

/ 



INTRODUCTION 

incbnel is a nickel base ailoy used in thejiot sectibh of 3^ 
^gines. Although it reacts to heat much the same as carbon 
it maintains ^ts strength at temperatures of 1406'* to ISOO'^P 

INFORMATION ^ 

MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

While inert_gas shielded welding nickel base alloy sheets you 
will complete .all^eadf - wiffi minimuiii amount of filler rod. -^-^ 

you have cbmpleted a weld, cut the specimen as close to the J>ead - : 

"as possible, md utilize remainder of the specimen to conserve materials 

NICKEL B^E ALLOYS ^ . ' 

Generally* gbpd mechanical properties, strength and ductility j 
are inherent in welded joints in all nickel and high nickel alloys. 
Similar to the welding bf other metals, the weld joint area should 
be clean. All preservatives >^ dirt ,. grease , oil, scale, paint, ^crayon • 
marks, etc., mist be remo-^^d" T^ef ore stating the welding operation. 
Inconel is susceptible to embrittlen^nTby sulfur and lead which 
may be contained in the residual contaminants during the welding 
process . - ; . ^ 

The cbefficient bf_ thermal expansion of iiconel is about the 
same as that of the ca«bn steels and consequently, warpage_and 
stress respiting from iSating will be approximately the same. Welding 
ii^gs sfibuld be used wlierever possible to help dissipate excessive 
he^5!^^s eliminating some wafpage. . Also* the same joint designs 
^ed fcJC- carbon steels are u^ed to weld iricohel. ._ 

WELDING INCONEL * ^ 

The equipment nisecl' tb weld inconel the s^e as for the other 
superalioys. -You>need a good AC^C welding machine; an inert gas^ 
welding torch > a'.f5ot2;contrbi;^ a^^ 2%"thoriated tungsten electrode, - 



The cutreiit for welding inconel shbiild be DC strength polarity. 
The cTirretit letting depends upon tiie tiiickness of the material yba _ 
are ^welding. After ybU have selected the current setting for a particular 
piece of material, further adjustments can be made with the foot 
control. The foot control also helps protect the weld after the 
- -current is shut off by allowing the gas to cdntihue to flow until 
the weld has cooled. This helps to. prevent Qxidatioh of the weld 
surface. 

The electrode should be ground to a sharp tapering point. Be 
careful 'not to allow ^it to touch the molten pool or the filler rod. 
This causes it to become contaminated so that it has to be reground. 
The electrode should not extend more than 1/2 inch beyond the end 
of the gas cup^^^-^,.^ 

- ,Be that tha^as cup is the proper size for the work. It 

should be large enough^^l^ inaint^ adequate g^^ coverage when you 
are adding filler rod. A^up smaller or larger may allow the surrounding 
atmosphere to contact the hot weld and cause oxidation. 

Whenever possible, the weld should be made in a still atmosphere, 
free from air currents or drafts. It should be protected with shielding 
gas from both sides, if a backup_ gas cannot be iised, gas welding 
flux may be lised to protect the underside of the weld. 

ollowing steps are general procedures to follow when welding 



Clean the edges of the joint and remove all burrs with 



Select the proper current setting. 

Check to be sure the cooling water and cover gas are on. 
Select' the proper filler rdd.^ 

Set the shieiaiig and backup gas to 'the proper pressure. 

Start the arc and weid the joint, keeping a tdrdi angle 
Bf 75^ to 90^. - . ' * 

QHESTIGNS ; - , ^ 

Note: .feswer the questions at the end of tiiis dtapter oh 
a separate sheet of paper. " '■ 

.1. What is the b^e TOtal in inconel? 

2. What two elements cause brittieness in welds when welding 
inconei? . ' 



The 
inconel: 

1. 

a file. 
2. 
3. 
4.- 
5. 
6. 



3. What material is used to protect the weid if a backup 
gas cannot be used? : 

4; How does the coefficient of e:iq>aiisioii in inCOnel compare 
to carbon steel? 

5. Explain electrode preparation for welding incbnel. 
REFERENCE 



1. Mthouse/Ttirnquiet/Bowditchi Mo dern -Welding Handbook , (Chapter 
il), 1^7. 
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Ilet!l S OTI Branch . 35BR5323b/sG-5e9 
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BUTT aOINJS OF TITANIUPI ANB TITANIUM ALLOY SHtCT ' 

QBdEeTIVES 

After completing tfiis study guide and your classroom instruc- 
tion, you will be able to: 

1. Apply the techniques and procedures used to weld titanium. 

INTRODUCTION . ^ 

Tttantffm is an abundant metal^ occurring in the earth *s crust 

to the e^ctent of .064 percent and is fburtii in order of abundance 

of the chemical agents. It is f5imd in all soils combined with other 
elements. Its ore are rutile (T:02) and ilmenite (Fe T:03) , among 
others, and they occur in widely distributed areas. Known ore reserves 
in the t&ited States and Mexico are estimated at 350 million tons 
of refined metal. 

INFORMATION ^ : 

MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

While inert gas shielded welding titmiuS OTd tiXa^ 
sheets, you will complete, all bea^^^ filler 
rod. After you^have c • -dieted a_weld, cut the specimen as close ^ 
to the bead as possic - and utilize the remainder of ^he- specimen . ^ 
to conserve. materials. 

TITANIUM AND TITANIUM ALLOYS , ' 

Titanixim^ a light, strong, corrosibn- resistant and ductile 
metal, fills the gap between altnisinum amd stainless steel so far. 
as weight and strengtJx at intermediate *teii5>eratures are concejcned. 
it is considerably lighter than staiiiiess steel (18-8) and somrahat 
heavier ^an aiumtexim.. Its strength _cbii5)ares favorably to stainless. 
3teel at temperatures below 950**?. - flpb've this temper,ature. it absorbs 
atmospheric gases and "becomes extremely brittle. Titaniym is no t 
"suitable- for applicatibn^^ fa hot sections of jet or reciprocating ^ 
^gines aaid cannot replace"st£inles3^s^^^ in application 

"of intermediate or low temperature service. ^ 

^'Some alumin\im alloys are stronger than titarii™ per unit of __ 
weights, but lose this advantage in the low temperature range, fitanium 
'has a^greater corrosion resistance than aluminum, but this advantage 
is. offset somewhat_^by its greater density lesser workability 
and weldal5ility. Titanit^ is. replacing aitSinum^iix aircraft where 
high- strength smid resistance tp sea water are prime considerations. - 
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Aiundnum holds its own to low ^tressed parts: and assemblies where 
the characteristics of titanium cannot be fully^used and where its 
greater weight is a disadvantage.. Table 2, Boinparison df Titanitp 
with Other Aircraft Metals^ is based upon comparative studies 'and ^ 
presents some comparative data with stainless steels srA 75-S aluminum 
ailoyi 
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Tc£le 2i Cormarism of Htmiwn'with Oi^er Mrcraft Metals, 

. . . ■ \ 

Here are some new and contemplated uses of titanium. You can 
visualize some requirements of the part from its name and location. 



1. 


Aircraft skitis. 


2. 


Engine shrouds. 


3. 


Fire walls. 


4. 


•Longerons. 


5. 


Frames . 


6. 


Landing gear doors. 




IfydratS-ic lines. 


i 

s. 


Fittings . 


9.; ' 


Access doors. 
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10; 


A±r ducts. 


11. 


Fasteners. 


12. 


Ribs. 


13. 


Spars . 


14. 


Flaps . 


15.. 


Slat tracks i 


15. 


Shear pinS • 


17. 


Wing tips . 

1 



JOEtD STRENGTH 



ULTIMATE 

TENSILE STRENGTH* 



AMS 4900 ' 

4901 

4908 

4925 

Spec. MILi- 
T-9047 C12 

Spec. iBtS^* 
T.9b47 Ci3 



Conana. Pure 
Comm. Pure 
B% Mh Alloy 
4%Al-4%Mn Alloy 

i,5%Fc 2.7%Fe 

3%Al-5%Cr 



55|P00 pii 
tqdOO 

ti^ob 
I3^,bbb 



131 



c^ob 



i4Qpbb 



6%0bb psi 

scjpbb > 
izqpoo 

140^00 
140^00 
160000 



Tiieae are typical steSngthi ihd miy hot confcTfBi to mwmfacturer't »peci£icatioiw. 

T^U 3. Titanium Temile and Held Strengths. \ • 



.Cbnm^Wmy p^^ AMS 4900 ^ and 4901, have iiinimm 

yield strengths of 55, 000 and 70,000 psi respectively (table 3)- 
TeSsile stren^tiis .are 65,000 and 80,000 respectively . They^can be 
cold worked, however, to _r^ach substantially higher strengths but- 
:wit&-a c^sequent loss of ductility. ^ r 

The titanitSi nangarxese alloy (A^ 49G8) has a yield strength 
of^ilO,000 and a tensile str^tigt^ of 120,000 psi In the annealed . 
cbnditibnv This alloy can be effectively, heat treated, but ^ the 
precise methods have nDt Seen blearly established and agreed upon . , 
by the leading research- laboratories, fh^ titanium nanganese aluminum 
alloy has a yieia-strength df^r30,ddb and a tensile -strensth^p|_ 
140,000 psi. This alloy is identified by Specification AMS 4^23. 
It is considered an excellent sOlbyfor forgings, as well as for . 
sheet. Other alloys have_been developed containing - cious percentages 
of aluminum^ manganese, iron, chromium, and carbon, -ome of them 
develop well- ove^ 200,000 psi, .but are generally hard^and have poor 
work ^d weldability. Grades- AMS 4900 ^d 4901, on tie other hand, 
have good ductility and are weldabie. 



IDcNTIFIEATIGN OF TITANIUM 



PRODUCJSRS 
Rem Cru 
Rem Cru 
Rem Crix 
Rem Cru 



RC.55 (Old CodeJ 
A-55 ICurrent Code) 
RC^7 0 JOld Code) 
A -70 (Curreat Code) 
RC-J3bA (Old Code) 
C-llbM (Current Code) 
RC-13dB (Old Code) _ 
C-130 AM (Current Code) 



COMPOSITION 
Commercially Pure 
Commercially Pure 
8% Mh AUby 
4 AI^-4KO^ Alloy 



AMS SPEC^^ 
4900 
4901 
4908 
4925 



Republic Steel 
Republic Steel 
Republic Steel : 
Republic Steel 


RS-55 
RS-7b 
RS-lib-A 
RS-130 


Commercially Pure 
Cbmtbercially Pure 
8% Mn Alloy 
4Al-41e& Alloy 


4900 
4901 
4906 
4925 




Titanium Metals 
Titanium Mc&ls 


Ti-55A 

Ti-75A ; 


Commercially Pure 
Cbmmercially Pure 


4900 
4901 




MaHory -Sharon 
Mallory-Sharbn 
Malibry-Sharbn 
Mallbry^Sharbn 

f 


Grade lU 
Grade m 
8% Mn Alloy 
4Mn.4Al Alloy 


Commercially Pure 
CommericaHy-Pure 
8% Alloy 
4Mn-4Al Alloy 


4900 
490! 
4908 
4925 





TcS^le 4, Identification of Htaovium by Code <md Specification mrbers. 

Titanium, in tiie connnercially pure form, is silvery-gray ^ ij 
appear^ce resembling unpolished staiAiess steel, but with^sjight _ 
more luster. It is nonferrous snd nomagnetic. It weighs 0.153 pounds 
per cubic indi as compared to 0.283 pounds per cubic inS for 'Steel. ^ 
It" grinds very slow3y gives off bright* white sparks with traces 
ending in brilliant. white bursts. Abput 90 percent of these traces 
terminate in bushy bursts withiS 10' iiches of the grinding wheel. 
The remaihihg 10 percent may readi a distance of six feet depending, 
upoit wheel speed and pressure applied against the wheel. This spark 
color and behavior is unique and, therefore, reliable as a qui^k, 
easy shop test. Moistened titanium leaves a gray-white mark when _ 
it is rubbed on ^as's. ' This" mark is clearly discernible and resists 
effprtt to remove it by rabbing with the hands. Titanium is also 
identified by the manufacturer's code stock, as shown in table .4. 
Aircraft parts, fabricated of titanium ar.e identified by the word 
"titsmium" etched or stan^ied in* a conspictous place* , ^ • 

Some difficulty w afis e In trying to dis tinguish pare titanium 
from its alloys. This be done by, using a siiaple chemical test. 
' This test does -not require any special laboratory equipment and may 
be performed in the shop . * 
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Cut a siaii tist strip off both piecii to be identified and 
refluJ thin separately for one hour in_50cc of concentrated hydrochloric 
acid Both solutions wiH become purple_or violet in color ajter . 
one hour Decant th. solutions separately and to about 5cc of each 
soiuSon, add an equal volume 5f three percent hydrogen peroxide . 
If oS solution contained a pure titanium test strip . it will become 
orange-yellow in color; if the other solution contained ^^^H* 
it will become deep red-orange in color. There remains, however, 
the^^oblem of determiSng whether the alloy so i^ntified^ is titanium 
i^gSese^ titanium mang^ese aluminuia, or some other ^o^^J^^^^J' 
fSs proT^lem too can be solved by chemical tests, but the process 
is ia^^.r involved. If quantitative analysis must be made, the 
alloy in question should be sent to a laboratory. 

The procedures for welding tit^i^ and titanium alloys^re^ 
siinilar to other metals. Some processes, however, such as^oxyacetylene 
or arc welding processes using active gases, cannot be used due_ . ^ 
S Si high chemical activity and sensitivity of titanium to embrittlement 
b? contSSation. Processes that are satisfactory for welding titanium 
id titanium a]ioys include inert gas shielded metal arc welding 

spot^Sar., a^d flash welding. All of these processes provide 
£ shicidirg o£ the molten -.eld metai Sd heat affected ■ 
would be affected by active elen^ent.. f » ^^glhSt 

and its alloys should be free of all s=aie and ov.her material that 

mi^hc cause weld contamination. 

WELDING TITANIUM 

- Most weldments are made wiSi co^rcially pure _titanium. Unfortunately 
the stronger ^loys (alpha-beta types) are not suitabU for^welding 
because of brittleness that develops along the ^f^ f^^^ 
adjacent to the weld. These alloys are -easily welded and the weld 
.tensile strength is good, but ^the heat affected zone is weak. 

iSert gas arc, either coni&le electrbde.or ttflKten, is tiie 
cnly fusion process recommended for ^itanium.^The^reason , 

titanium's affinity for atmospheric gases at the weldipg heat^ The . 
S^^f^rgon or helium, or a mixture, of the ^o, dispels oxygen - 
Sd ^trolen and allows welds to be made that reach base metal strength. 
- ffie S"shield must be dense and both sides of th?. joint^must ^be 
Soticted. A plate of . copper or brass W be used, for this backup 
pllte! provided it is desired" to afford a high ^^gf ^'J^J^^lf / ' 

K Uiili^rv stream of inert gas directed against tiiis back side . _ .. 
Ss^o^^enlo^ to b"^ efflctive, A good^^^ 
if the actent of oxide coloring in the weld area. With a noi^l 
^gS fSw.of five litirs per minute , ^ the weld-^and f^^^^^. 
ra^g6 in color from gold :to blUe-green to ^uf flci^t^.ro.tecticm 

lil! not have beei attained until these colors ^^^^^^.^^ 
Sid and weld area is p^aptically icentical to the base- metal color. ^ 
i1lo?throu^ the torS of 20 cubic feet per hour is ,psualg sufficient 
^ ISdSg tSn sheet at a slow speed of travjl. As .sheet _^ckness 
'Sd/or travel is increased, shielding of^-the hot metal trailing 
the arc becoies a problem. Aii au3d.iiary stream of gas, ox an apron, • 
Smd be used that provide, inert shieldf or a ^gjjnc^f ^at 
ieast two inches ^(dep^aing on Weldment thicfoiess) behind the arc. 



Some nsanufacturers are iisihg closed weld Lhg containers to provide 
protection* In this process^ tJie weldiig eqiiipioBnt weldffletit 
are placedbin z cbllapsible or rigid chamber, sealed^ purged free 
bf air r and then fm^^ ^b . This process has inany disadva^^ 

sc far ^ as ;air craft repair^is concerned. The size of titaniim parts 
and the inaccessibility of cracks dictates the use of conventional 
equipment wxSi slight modifications to improve gas protection. 

^Several such modifications and improvised methods have beeii 
xepbrted. One effective and very si^le method is to ^ape a strip, 
of paper oyer the penetration side of tiie joint with provisions 

for a stream of helixim to enter one end and escape at the other. 

Steel, copper, and alximiniim, backup plates are also used, some grooved, 
with an inert atmosphere filling the groove, and some plain and 
close fitting; 

Surface Preparati on 

Surface cleanings is iiaportant in preparing^itanium and its 
alloys for welding. Proper surface cleanliig prior to welding^educes * 
contamination of the weld. due to surface scale or other foreign 
materials . 

Several cleaning procedures are iised^ depending on the surface 
condition of the base and filler metals. Surface conditions most 
often encountered are as follows: 

1. Scale- free (as received from the mill) . . 

2. tight scale (after hot forming or annealing at intermediate 
temperature; i.e.^ less than 1300 ^ F) • 

3. Heavy 'scale (after hot forming, annealing, or. forging 
at high temperature) . v 

Metals that are scale-free can be cleaned by simple degreasing. 
Metals with light 62cide scale should be cleaned by acid pickling. . 

In order to ::inimize hydrogen pickup^ pic'kling sbltitions for this . 

operation Should have a nitric acid concentration greater than twenty 

percmt. Metals to. be welded should be pickled for 1 to 20_ minutes 

at a bath temper at ur.e from 8Q^-to 169**?. After pickling^ the parts 
are rinsed in hot water. 

Metals with a heavy scale should be cleaned with sand, grit, 
vaporbiastiixg, moltra "sbdixam hybride s^t bfths, or molten caustic 
baths'. Sand, grit, or vaporblasting is preferred, if it is appli- 
cable. Hydrogen pidcup may occur with^ltJ^n bath temperature and 
pickling_time. Eath temperature shouid^S^held at about 750"* to 
850''F. Parts should not be pickled -^y longer than necessary to 
remove scale. After heavy scale is removed, the metal should be 



Surfaces of metals that nay have undergone bxy acetylene flaine- 
cutting operations have a very heavy scale and my contain iicrb 
cra^ due to excessive contamination or the me taiiurgical characteristics 

of the aiibys. The best cleaning method for flare-cut surfaces 

is to rmove the cont^inaced layer, and any cracks that may be present 
by machining operations. Certain alloys - can be stressed immediately 
after cutting -to prevent the propagation of these cracks into the 
heat affected base metal. This stress relief is usually made in 
conjunction with the cutting operation. 

Shi el ding 

Very good shielding conditions are necessary to produce arc 

welded joints with ma3dtmim ductility and toughness. To dbtairi these 
■ conditions, the amount of air or other active pses which contact 
th^ molten weld metajs and adjacent heated zones must be very low. 

GASES. BbtJi helium and ar^bn are used ^ shielding gases. . 
With helium as the shielding gas i_ higher .welding speeds and better 

. penetration ^e obtained than witii argon ^ but the arc is more stable 
in argon. For "open-air "welding bperations, most welders prefer 
argon as tiie shielding gas because its density is greater than that 
bf air. Mixtures of argon and helium ^so axe used. With mixtures, 
the fflcc chracteristics bf both helium and argon are obtained. The 
mixtures usuaiiy varjr in coiapbsitibn frd_m_abdut^2d to 80 percent 
argon. They often are used with consumable electrode process. To 
prb^-ide. adequate shielding fbr the_ face and root sides of welds, 

. special precautions often are taken. These precautions include 
the use bf baffles, trailing shields, and special backing fixtures 
ii open-air welding and the use of iSert gas-filled welding chambers. 

% WEWING CHJ^eM. For some applications,, toert gas-^^ 
welding chambers are used. _ The advantage of using such dialers 
is that gbbd shielding may be obtained for the root and face- of . 
the w6id without Sie .tise bf special fixtures. Also, the si^face 
appearance of such welds is_a fairly reliable measure bf shieldliig 
conditions.. -The use of chanbers is e spe cially desirable when complex 
joints,, are* being we^ided. However, dtanbers are not required for 
'many applications and &eir use may be limited. 

Welding chambers vary. in size and shape, depending o^ their 

use and the size bf assemblies tb be welded. The inert atmospheres 
maybe obtained by evctiating the ch^ filling, it with helium 

or argon, purging the cfisDober witix inert gas ^ and collapsing .the 
dianfl^er tb expel air and refilling tixe chamber with inert gas. ^ 
Plastic bags have been used in this latter manner. When the atmospheres 
•are obtained by purging br^cbllapsing the chanbers, inert gas usually 
is^' supplied through the welding torch -tb ensure complete protection 
of the welds. ^ 



OPEN AIR WEWlSe. fei open dLr welding operations^ the 
mettpds tjsed tp shield the face of the weld vary witii joint design, 
welding -CTOditibns, aid the thickness of the materials being 
joined. The most critical are^ in_regard to shielding is the 
iSlten weld puddle . . Impurities diffuse, into the incrlten fietal 
ve^ rapidly and remain in solution. The gas _flpwing_ through a 
stand^d welding tor^ is sufficient to shield the molten zone. 
Because of the low thermal co^ducti^^ty_of titanium^ however, tae 
molten puddle tends to be larger than in other metals. For this 
reason^ and because of tile very good shielding conditions 
required in welding titanium^ larger nozzles are used on the 
welding tdrc3i, with proportionally hi^er gas flows than are 
reqxri.red for oSer metals. Also^ chill bars often are used to 
limit the size of Se puddle i 

The priiiiary sources of contamination in Sie molten puddle 
are turbiilence in the gas ^ flow from the welding torch, oxidation 
of hot filler rods ^insufficient gas flow, small nozzles on the 
welding torch, and impure shielding gases. 




A. fUt butt or lap welds 



TORCH 



BAFFLE 



1 
























B. CORNER WELDS 



3 



Figi4Te 24. Baffle Ai^c^ements -t/sjed to Irr^vo'Oe Shielding 
• for i^e Face of Welds. 
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if turbulence occurs ±n the gas flowing from th^ turbulence 
wi-ii be kbosrbed by the tKtai ^and contamination ^^11 ^result. Turbulence 
is eeneraily caused by excessive amounts of gas rlbwihg through 
the^torS; long arc llngth. . air currents blowing acrbss 
Sd dciint design. . Contamination from this source can ^^^"f^f^^f ^^^^^ 
S adjusting: gas flows ^d arc lengths and by placing baffles alongside 
the wilds. Baffles protect the v,eld from ^-^^-^^^^-^l^^^ ' 
the flow of shielding gas froS the joint area. Chill bars or ^e 
citing toes of the welding fiscture can serve as baffles (figure 
m7 Baffles are especially important for making comer type welds. 

General Information 

In manual welding operations with the tungsten s^c process, 
oxidation of the hot filler metal is a very important source o^ 
contamination. TO control it, the hot end of the fil^r wire^st 
be kept within the gas shield of the welding torch. Tbe welder 
Lst be trained to keep the filler wire shielded in ^eldWtitan- ^^ 
ium ^ its alloys. Even with proper manipulation, however, contamination 
from this source probSly cannot be eliminated complete^ • 

Weld contamination whidi occurs in the molten weld 
sspecially hazardous because the impurities go into solu ^ 
do not cause discoloration. Although discolored welds may 
been improperly shielded while molten, weld discoloration 
by contamination which occurs after the weld has solidified. 

BRASS TRAILING SHiELD 
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Figure 25. Trotting iShietcl. 
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Most of the axi3d.iiary equiptaent used on torches ti? weld titailiuffi 
±i desired to improve shielding conditions f6r the Welds as they ^ 
solidify aid c551. Ebweverj if the welditigjheat input is low and --^ - 

the welds cool to t^eratures below Sjout 1200° _to lOOO'F, while 

they are shielded by the gas flowing from the welding torch auxiliary.^ 
shielding equipment is' not required. If the welds are at excessively 
high teii5)eraturei after they are no longer shielded by the welding 
torch, then auxili^_shielding should be supplied 

Trailing shields often are used to: supply auxiliary shielding- 
These shields extend behind the weldiiig torch and vary considerably • 
in size, shape, ^d design. Sometimes they are incorporated into 
special cups which are used on the welding torch. They. may coisist 
only of tubes or hoses attached to the torch or Ttanipulated by hand 
to direct a stream of inert gas on the welds. Figure 25 shows a , 
drawing of one type of trailing shield currently in use. Important 
features of this. shield are that the porous diffisuion plate allows 
an even flow of gas over the entire shield area and prevents turbulence . 
in the'gas st?ea5, ^d the shield fits on the torch so that a continuous 
gas stream- between the torch and shield is obtained. 

Baffles also are_benef icial isi iiprovihg shielding, conditions 
for welds by retarding the flow of shielding gas from the 5°^nt 
area. Baffles may be placed alongside the weld, over the top^ or 
at the ends of the weld. In 'some instances, they may actually form 
a chamber around the arc and molten weld puddle. Also, diill bars 
nay be used to increase weld cooling rates and may make auxiliary 
shielding unnecessary. 

in open air welding operations, a means must be provided for 
shielding the^root or back of the welds. Backing fixtures often 
are used for this purpose. In one type^ an auxiliary supply of inert 
gas is provided to shield the back of the weld. In the other, a 
solid or grooved backup bar fits'- tightly against the back of the 
weld and provides the required shielding. Fixtures which provide 
^ inert gas shield are preferred, especially in mani^al,. welding^ 
operations with low welding speeds. Figures 26 and 27 show backup 
fixtures used in butt welding flat heavy plate and thin sheets respectively. 
Similar types of fixtures are used for other joint designs. However, 
the design of the fixture varies wi^ the design of the^ joints. 
For fillet welds on tee joints, shielding should be supplied^for 
two sides of the wejd in addtion to shielding the face of the weldi 

Fbr some applications , it may be easier to inclose the back 
5f the weld* as in a tank, and supply * rt gas for shielding 
purposes. This method is necessary in welding tanks, tubes ^ or 
other taclosed structures where access to the back of the weld is 
not possible. ■ Also, in some weldments, it may be necessary to 
machine holes or groo^7es in the structures in order to provide. ; 
shielding gas for the back or root of the welds. 
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Figure 26. Baling Fixtures for Welding Heavy Htmim Ftate. 
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Figure' 27. BatMng Hxtares for Wel^ng Thin Sheets', 
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In circumferential welds ^ distortion may. resixlt .irl a loose 
fitiip between the material being welded and the backing fixture. 
This condition may cause excessive weld contamination. One method 
of overcoming tliis problem is to use-^backing fixtures that will . . 
• provide ah inert gas shield for the weld, even;vrtien there is a 
gap between the backing fixture and metal_ being welded, fhe type 
' of backing fixture showS in figure 26 wili_wbrk in this ,mamier. 
Also, a flexible backing fixture which wpuld. ccmfdrffi ^o the weld 
as it distorts would overcome . this problem. 

Bend or ndtch-tdughness tests are_ the best n^thods for _._ 
evaluating shielding conditions , but visu^ inspection of the weld 
surface, which' is not an InfaUible method, is tie only nondestruc- 

/' tive means for evaliiating weld cpiality at the present time. With 
this method, the presence pf a heavy gray scale with a nonmetaiiic 
luster on the weld bead Indicates that the weld has Been contamina- , 
ted badly and has low ductility. /Alsd^ the weld surface may be 
shiny but have different colors, ranging from grayish^lue to 
violet to^rwn. This type. of discoloration may be found on _ _ 

several contaminated welds or may be due only to surface contaMna-^ 
tion. If ^ the discoloration is due only to surface contamination, 
the yeld may be satisfactory. However^ the quality, of tiie weld'_ _ 
cannot be determined viSxout a destructive test. With good shielding 
procedures, weld surfaces are shiny and show^nb discoloration. However, 

^ if the weld is: improperly shielded in the high ten^erature zone 

arounithe arc and adequately shielded at lower temperatures, a severely 
contaminated weld with a shiny surface can be produced. 

Joint Design _ 

Joint designs for titaniim are about the same as those used 

for b4:her' metals . For welding a thin sheet* the tungsten arc process 
' generally is used. With tAis process, .butt welds may be made with 

or without filler rod, depending o^ ^e thickness' of the. 3 bint ag ^ 
' fitxlp. Special shearing procedures sometimes are used so that ^ 
root opening does not e^c^ed 8 percent of t±e sheet thickness, vjf 
fitup is this goo^, filler rod is not required. • if fitup is n6f 
this good, filler metal is -added to^ obtain . full thickness joints. 
- in welijing Siidcer sheet ^ greater than about 0.09"0 inch), both the 
ttatgsS arc and consimabie electrode -^^rocesses are used with single ^ . 
V liuK or scftiare btiti joints with a ro^t opening. . For weldiag titanium' 
pla^, bars, 'or forgings, -boli the tungsten- arc and cons^ble electrode 

processes alsb^are used with single and dodbl&V joints. In all 

cases, good weld .penetration may be ob tained. xd:thout excessive "drop-' 
.through." However, penetration and drbp«^through are controlled ••• 
more easily by the use of pfopef^ba<3cLng fixtures. Because of^tiie 
low thermal conductivity : of titanim; weld beads tend to be wider 
aian normal. However, the width of^ the beads' is generally controlled 
by using short arc lengths or by placing diill bars or the clamping 
-a toes 'of the fixture . dose to, the sides of the joints. 
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'Welding Variables ' : " 

Welding: speed "and current for titanitm aii^^ 
process used; shielding gas, thickness of the material being welded, 
design of the backing fixtiff es , - and the.spacing of chill bars or 
hold-down bars in the welding jig. Welding .speeds vary froin about 
3-to 40 i^diis per Ininute. The hi^est welding speeds are obtained 
w±m the consmiable electrodes process. In inost cases, direct^current . 
is usfed with. straight polarity for the tungsten arc process and reverse 
polarity for the consum^le electrode process. 

€ - . ■' . ' ■ _ _ _ ■ • _~ 

in setting up arc welding operations for titanium, the welding 
conditions should be evaluated on tlie basis of weld joint properties 
. ■ and appearance. Radiographs will shew if porosity or cracking xs 
• present in the weld joint. A simple bend test or notch-toughness 
test will show whether or not tlie shielding conditions are adequate, 
md a visual examination of the weld will show if the weld penetration 
and contour sire satisfactory. After adequate procedures are established, 
careful coitiols are desirable to ensure that the shielding conditions 
are not changed; - 

Wei d Defects , 

Defects in arc welded joints in Htaniumi alloys cons 
of poTOsity and cold cracks. Weld penetration can be controlled 
by adjusting welding cohditibiis. 

f;'"--^- FOmSITI. Weld porosity is rapidly becoming a major problem 

in arc welding titanitm alloys. Although acceptable limits for porosity 
in arc welded joints have not been^tabli^hedi pbrbsity has been 
observed in tungsten arc welds in practically aU of the alloys . 
vSiidi appear suit^e for welding operations. It does not extend 
to Ae surface of the weld but has been detected in radiographs. 
It usually occurs oLose to tlie fusion line of the welds ^ . Weld porosity 
say be reduced by agitating the mblteii weld puddle , and adjusting 
welding speeds. Mso, reciting the weld \rtU_e^ . 

aie porosity present after the first' pass. However, the latter 

- .method of reducing^weid porosity tends to liicreas 

'CRA^. With adequate shiieidfag procedures and sid-table alloys , 
^acks should hot be a problems . However', cracks have been troublesome 
in welding some alloys. Weld cracks are attributed, to a number 
^ ■ «f cau^ . IS commercially pure titanium, wei4 metal cracks are - 

believed to be paused by excessive oxygen or nitrogen contamination. 
These cracks are- observed usually in weld; craters 
^ alpha-^eta alloys^, transverse cracks in th^ >weld metal and heat- _ 

.. if fected 'zohg§ are believed to be due' to tte low ductilU^ ^ . 

weld zohei r -However," cracks^ in these alloys -ilso inay be due to contaminatiot 
r ' : Cracks also have been observed in alpha-beta welds made mder restraint 
aiid with high ^erSal stresses. These cracks are sometimes attributed 

to the hydrogen content of the alloys. If weld cracking, is due . 

, . to cbntam±nation, it 5a^ be controlled by . improving shielding conditions. 
' ' However", repair weiaing on excessdtvely contaminated welds is not 
Nc- practical in .inany cases. . — 
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eracks which are caused by the 15w ductility of welds^in alpha- 
-ieta-al±6ys ciS he prevented by heat treating or stress relieving ^ 
the welded piece in a furhace iitiinediately after welding. Oxyacetylene 
torches also have been used for this purpose; However; care nwst 
be taken so that: the welded parts are not overheated or excessively 
contaminated by the tordi heating operation. Cracks due to hydrogen 
^ be prevented by cacutm-anneaiing treatments prior to welding; 

QUESTieNS - ^' 

, Note: Answer the questions at the end of this cJiapter on 
a separate sheet of paper. 

1. Describe the sp^ks given off when grinding titanium. 

2. How are aircraft parts made of titanium identified? 

3. Most weianents are made of what type of titanium? 

4. Why is welding titanium in a purge chaSer considered 
impractical? 

■ 5. Whidi type of shielding gas is preferred for open air 
welding of titanium? Why? 

6. What is the purpose Of the trailing shield? 

7. What is the baffle used for when welding titanium? 
REFERENCES 

1. Althouse/Tumquist/Bowditch, Modern Welding Handbbo fc:> (Chapter 
11), 1967. 

2. TO 34W4-1-5, Welding Theory and A p»14catien, Chapter 7. 
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ablNTS QF REAT AND eOBROSION RESISTANT 
FERRBUS Abbey PIPE 



eBdEGTIVES 



.&£ier completing tfiis stiidy guide and your classroom instruction ^ 
you will apply shop safety, ^ good housekeeping and fire prevention 
measures while welding pipe joints of heatand corrosion resistant 
ferrbui alloys in accordance with the criterion checklist. 

INTRODUCtfON 

You are about to study one of the more difficult welding opera- 
tions you will be required to perform, welding joints -of teat and 
corrosion resistant ferrous aUoy pipes. The alloy isn't new to you 
but pipe is^ It is considered difficult to wld because you have 366 
changes of "direction to complete one pass. This will be the major dif- 
ficulty to overcome. 

INFORMATION 

MANAGEMENT OF DEFENSE. ENERGY AND RESpUReES 



While you are in Block VI^ do not' write in the training literature 
provided you. This is due to redistribution to subsequent classes. 

• Alsbi while you are on regular scheduled breals, you will leave 
iigflts on in tiie classroom unless the break is for a period of 20 
minutes or more. / - 

During clean-up of classrooms and other areas, lise of cleanfog 
materials should be kept to a minimum jjo. order to reduce cost in this 
area. These procedures should be followed throughout Block VI. 

All weld beads must be completed and pipe cut so as to .fully 
utiiize all training material. After completing t±e weld, txirn off 
the ^gon back-up to help Conserve material. 

- PIPE WEbDING TACTICS 

TIG pipe welding 'is differCT.t fr^ osyacetylene welding. : The 
hi^ly concentrated 4ieat of the arc produces a weld puddle T*hich is 
CTailef and-easier to control than the weld puddles obtained with 
other processes. ^ addition, the weld penetration is deeper with 
the TIG process i and welding speeds are faster than with other 
methods. Because of Sese differences, special techniques have been 
worked but for TIG pipe wlding^ Even though you may have had ex- 
perience in (Kyactylene or covered electrode welding, .or even in TIG 
weldiig of other miterials, you wil3^ ftod that xgu mist l^m ^ 
set of ikills fbr TIG pi?e weldiag . You will have to be able to^ 
"r^d^ Se weld puddle and understand what it tells you abbut the 



penetration md weia bead cbhtbtir Inside the pipe. When you are able 
to respond autOTaticaiJy to these indications ,\d.thbut . taking the time 
tb_thdLnk about th^^, you wiH have mastered the technique of TIG pipe 
veiding, and you will be able to produce high quality welds in any 
';3bint. design and la any positioni 

" / tiG WELDINS EqUIPMENT . 

Electrbdes ; 

, A suitable supply ^ of 1/16 inch or 3/32 inch diameter electrodes, 
tdLth collets to hold th^, should be available* _ Two percent thoriated 
tungsten electrode are preferred i Grind the electrode to appoint, 
in order ;t<* concentrate the energy of the arc in one spot. 

Shielding Gas 

Welding grade argon In cylinders or from an argon aanif old. system 
is required, if flinders are tised, two cylinders ^ supplied with 
argon regulators and flowmeters, should be used; one fcir the gas sup- 
ply to the torch, the other as a source of gas Backing. If argon is 
supplied. from a manifold, two flowmeters are used to meter the argon 
flow for the t6rch and for tie gas backing. 




. Figure 1. Corr^ison of Welds M:^ ' With an Argon _ 
Backing (Upper) and Without an Argon Backing (Lower) . 

Sas Backing 

:Argon is recomended as a backing gas for pipe welding, since it 
is the most effective in preventing oxidation of th^ backside of the 
weld. Figtire 1 illustrates the pronounced imprbvement of the weld 
Bead when an argon backing is, used on carbon steel pipe. The lower 
TOld was made without gas backing; the upper weld used argon as a gas 
backing. Notice the irregularities and oxides on Hthe lower weld * and 
the smoothness ^d tmif ormity- of the, upper weld. Even though the 
weld made without a ^s bac*:ing is irregular, it is still a great im- 
provement over welds made with covered electrodes or by the _ 
oxyacetylene process. The argon backing may be confined to the weld 
areas by paper baffles, by compieting filling the pipe or by t^e use 
of a removable backing device. The backside of the weld should first 
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be purged with six, volumes of argbri for each volume between the baffles 
of the backing dev'ice; therefore ^ a gas flow of 3 to 10 cubic feet 
per hour should be inaintained during welding. Higher flow rates ray . 
"be required if a ^dint spacing is used between the pipe sections. 
Nitrbgfen has been used as a gas backing for the welding of stainless 
steel. pipe^ and carbon dioxide has been tried. If nitrogen -^^ 
dioxide are used "as a gas backing in welding ^ the backside of the weld 
may be adversely affected due to chemical reactions of these gases 
with the weld puddle. 

Welding Power Supply 

i_ 

Direct current^ straight polarity is used for welding all grades . 
of steel pi^es. With .straight polarity > the electrode is negative 
and the wor^ piece is positive. The power supply may be a DC 
rectifier- type, of at least 300 ampere capacity. If a welding 
generator is used, be sure to se^ it for maxicaum open circuit voltage ^ 
to minimize changes in current v*ich occur with changes- in arc^ length. 
Rectifier-type power supplies usually do not have an open circuit 
voltage' adjustment. The SOO-ampere rectifier is recommended so that 
i£e operating point during welding will be at the steepest part of the 
volt-ampere curve. When this occurs, changes in arc length will 
produce only very small changes in current. 

<■ ■ • 

Other Supplies - ^ . - 

A welder's helmet with a n^er ID' o^ number 12 shielding glass ' 
is heeded to protect the operator's face and eyes. A pair of light 
leather or cotton gldyes should be worn. Avoid the use of the heavier 
^bme-leather or asbestos gloves, since they interfere with the 
**feei" bf the welding rod and_ torch during welding. A hand wire 

brush, br power wire Brush, shbxad be available for removing any 

oxide or surf ace cont^inatioh before tack welding. Stainless steel 
welding rod to match the stainless steel pipe beiiig^^w 
be used. Jtod df 1/16 inch diameter will generally be found acceptable. 
Rod of 3/32 inch may be used, but new^ operators tend tb use tbb low 
a ctarreht and welding speed with this size rod. 

TIG WELqiNG STAINLESS STEEh PIPE 

i ■ ^ _ _ _ ■_■ _ 

The Vec-grbbve jbint has been widely Accepted as a standard 

^dint design for pipe welding. The standard vee joint may >e butted 
together and welded without^f^ler rod_bh the root pass._ HdwevZ:! 
for hi^er quality welds, or where porosity may be a problem,, a joint 
spacing of to 3/32 inch shouia be used. Fiil^ rod is then used • 

on the root pass. The three standard pipe joints are shown in figure 2 

TacR Welding 

The pt:^ose bf '^e tack weld is^td hold the pipe sections in 
alignment," and minimize ^e amount of cdntractidn that may occur • 
during welding. If you are going td use filler rbd for the root pass 
weld, you shduld use finer rod for tiie ta^^ The sharp vee 

joint ^hd the standard vee joint with joint spacing > as. show in 
figure 2 > both require filler rod for the root pass and the tack 
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Figfure 2. Types of Pipe Joints. 

welds... On these joists. Sake your tack welds about 3/8 to 1/2 inch 
long a^ space them evenly around &,e pipe, aBbut fotir to six tacks 
per joints depending on the pipe size; When you make_the root pass ^ 
you may either weld right over the tack weld (re-fusing tie tack 
weld), or you may simply tie into the edges of the tack weld, and 
aiibw the tack weld tb^serve as part of the foot pass* To stop a 
tadc TOid, maneuver the weld puddle to one side of the pipe joint 
aiid increase the welding This will decrease the size of the 

weld puddle. Brilk the arc when the weld puddle has disappeared 
or decreased to a rather smaii size^ This technique is xised to pre- 
vent any cracking, which may occur in the weM crater itself ^ since 
the heavy pipe wall .section will chili the small weid puddle very 
quickly, and ellaninate any crater cracks which could later spread^ 
tobu^ the tack weld. If filler rod jLs not to be used on the root 
pass (suS as with the U-jbint^ f igure ^) no filler rod should be ^ 
used on the tack weid^ _This time the tack welds should be relatively 
small, about 1/8 inch iong,^ut space them about every, 2 to 2-1/2 
inches around the pipe; Terminate the tack weld exactly, as before, 
by carrying the puddle to 1±e side and increasing the welding speed. 
Figixre 3 shows -a tack weld in a standard vee jbtot with joint spacing. 
Filler rbd was used for tiiiis weld; Figure 4 shora a tack weld made 
without filler rod bn a U-^bint.! Notice on both welds the way the 
weld was carried off tb the side of the joint before the arc was . 
broken; 

Starting and Stopping Held Beads . ' 

In TIG pipe wlding^ all welds starts are ••touch starts." Simply 
touch the electrbde to the work piece and then withdraw^e torch 
siout 1/16 inch to "draw" the arc. Do not let the electrode touch 
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.Figi^e 3. Tack Weld Sixxrtdgr 
Vee Joint With Spacing. 
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Figvo^ 4. Tack Weld on U-Joiht. 

the puddle during weldtog, since it may become contaminated; Con^ 
. tamination of the electrode can be prevented by adjtxstin| the 
electrode extension beyond the gas^cup^ so that the gas cup will 
keep tie electrode from touching t±e puddle. If^you do let the cup 
ride oh tJie pipe joint dtiring welding, use a very light^torch pres- 
OTre. Never use a carbbn block for starting the arc, as the electrode 
irf.ii become cohtamlnated a^^ cause an erratic, wandering arc. If the 

electrode is contaminated ^ you will. have to retaper the point on a 

grinding \Aeel. In picking up a weld bead that was interrupted, begin 
the "puddle 1/4 incdi or more Sack frcHa the end bf^the previoujs bead to 
eiisure good fusion of the twb^ beads, figure 5. Take special care 
to obtain cdiiq>iete penetration, when tyii« in or weldi^^ _tack_ _ 

welds i or ifeer^ weld beads overlap;^ When approaching the tack weld ^ 
or th^- overlap, beidi do not add flLLer rod for the iasj: 1/8 inch of 
ae weld* tffi^ the tack weld or bead is reached, it will melt and v 
flow back over &e 1/8 inch space and^give complete penetration. 





Stopping a weld bead is acco^iished In t-fi ' 

was interrupted. Carry the^ddS to^f J™^'^^ 

Increase the welding speed ^^^^^^ °^ '^^^ Pipe joint, 

^^ s^, break tie Si'by'gtMSwSl ^ ^^m-i^ or becomes 

shown in figure 5. withdrawing the torch from the work, as 




Figiope ?. Correct Puddle £ 
Siandxrd Vee m.th Joint 
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Position For 

Position 



standard Vee with Joint Spacing - 

; After the joint* has been" properly tacked and placed in position 

for welding, strike an arc on the side of the joint and carry it to 

the bottOT of the joint. Let the arc dwell on the bottom of the 

joint tmtil a CTaii weld puddle forms oh each side .Of the vee; Then 
add filler rod to the front of the weld puddle tmtil the. puddle bridges 
the joint Opening. (Do" not put the filler rod directly into the arc.) 
When you add the filler rod, the rod should be almost tangent to the- 
pipe surface* and the torch should be slanted about 15 to 20 degrees 
toward the rod with ah arc length of about- 1/16 inch, figure 6. When 
the puddle decreases to about 1/8 inch thick, remove the rod and hold 
the torch stationary. The weld puddle will now begin to flatten out 
in front, forming a ^in front edge and will take a wedge shape, with 
rounded comers ectrading to the bottom of the joint. This wedge 
shape means that penetration is complete. Figure 7 illustrates the 
correct puddle shape for complete penetration on this joint. As sbbn 
as pehetratibh is cb^lete, as shown' by the puddle sh^e^ add filler 
rod and advance the TIG tbrch simultaneously. Keep advancing the 

correct puddle shape to cbmplete the pass . It will be necessary^^ 

for you to remove the rod ab but every 1/8 inch to observe the puddle 
shape. When you have mastered the technique, you will te able to keep 
the height of the puddle even and abbut 1/8 ihch^ thick (depending, 
on the pipe Size). If the welding speed is tbo slow ^ ybu will have 
^Sessive penetratibn inside the pipe. The weld puddle will then 
have a rounded bpehing at the front, \rtiich will be wider Sian the 
joint opening (keyhole shape) . This shape is very similar to the 
shape of. the weld puddle for correct penetration on sharp vee joint. 
Be careful not to confuse the twb. Remember that a keyhole-shaped 
puddle for a spaced joint shows excessive penetration, since too; 
liuch Of the edges are being Jaelted back. Tb bvercome excessive 
penetratibn, add more filler rod to the puddles^ slant the torch 
^arpl^ toward the filler rod io more rod is melted * and increase 
your welding speed. The effect will be to put more heat into the 
filler rod and less ihtb the pipe itself. This will close the en- 
larged opening at the frbnt bf the puddle. 




F€gta>e 3^. Fitter ^sses with Stringer Becds 
{Left) and WeW^ng Sequuzhce (RighbX. 



Filler Pass Welding 

filler passes ar^'used to fill the pipe J bint to within approx- 
dfflsiteiy 1/16 iSch of Sie top surface; tar ger weld puddles can 
used for the filler pass on rolled pipe than for the fixed posx^ion 
welds, since the ^reld puddle will have no tendency to sag out of the y 
joint because of gravity s 

Filler-Pass Welding Stainless Steel Pipe 

0 * ■ . _ . 

For welding stadiless steel pipe in aSy position,: the stringer ^ 

bead tecimiqoe should be used. The "^i°8^^J^§^°° gjf Jg^^ 
should be kept as sialt as possible, since the small weld bead will 
sblidify quickly and prevent precipitation of carbides in these ^ _ . 
steels. Small beads also ^duce the tendency for hot-short cracking, 
figure 8 shows the sequence for making stringer beads on vertical- 
fixed pbsitibh pipe^ i. 




%gvi^ 9. TIG Pip^ Wtd.Mads With 
Stringer-Bead Techrttqm. 

Adding Filler Rod 

Place the filler rod in the bottom of the joint and keep feeding 
it into the weld puddle rather than Into the axe. As the filler 
rod is added, move the torch to each side of the rod to tie the - 
edges of the weld puddle to tiie sides of the pipe jol^t. ^^/l^"^^ 
necessary to remove the rod from puddle to observe, pinettation, 
but ^e weld puddle must be kept thin in front and should blend 
evenly Into the sides of tie Joint. Be careful that the puddle^does 
not become thiS in fiont-and appear to be poured into the Joint. 
This will result in cold shuts, where fluid metal is deposited on 
pipe which is not molten. "Another means of judging filler pass , 
p^etration on carbon and low alloy steel PtP^J^ ^^"g^^ ^ 
a ver^ slight- film of molten oxides aheau of the weld puddle. This 
thin lito is more reddish in color lian i±e weld puddle^ and^as 
long as it c^ be seen, penetration is complete. Smooth, ^uniform 
finish passes can only be -made if the filler passes are also^smooth, 
and ^ pipe is fiHed tB a uhif brni level. . Care spent in making ^ 
smooth filler passes wiH result In finished welds of exceUent^ 
appearance as weU as quality. As In making fiUer passes^ either 
stringer bead or weave beads^Say be used- for carbon and low alloy 



steel pipes , tlie rolled and hdrizbntai position. Stringer beads 
niust be used for carbon or low allow "steel pipe in the vertical, 
position, or for stainless steel in any pbsltiohi Finished welds 
^duld be about 1/8 inch wider than the joint, with the overlap • * 

evenly spaced on_ each side of the joint. The weld beai height 

should be about 1/16 inch above the surface of the pipe and should ^ 
increase evenly from the edges _ to ; the center • Weld edges should 
be straigxt and \d.thout any mdercuttihg^ figure 9. ■ 

Procedure for Welding Stainless Steel Ptpe Butt Ooint 

1. Debiirr, clean, and align pipei 

2. Set welder for DCSP, 

3. Make sure your torch angle is 75 to 90 degrees • 

4i Make sure yovx f iller rod angle is 15 'to , 20 degrees • 
5. Tack weld joints. 



a. -^Tacks 3/8 to 1/2 inch long, 

4 

b. 4 to 6 tacks per joint spaced evenly* 

c. Penetration of 100 percent. 
6. Weld root pass^ 

a. Penetrate ibd percent,- 

b. if contamination occurs^ clean weld and- regrind 
tungsten to a point 



7. Use stringer beads for filling veei 
Welding a Tee Joint - . ' 

The tee" joint on pipe^ as on plate, is a fillet-type of weld i 
The rad of the ??ertical pipe laust be grooved out to fit the ^horizontal 
pipei This type* of fit-up is called a saddle. After the pipe fit--p 
has be^ made, clean Se edges thbfbughly and remove all "burrs • All 
metal that is to be fused digi^ widtog mst be absolutely clean. 
Avoid sharp cdrn^s, or ^Hidden dfaanges in size or cpntouf^ since they 
might lead to cbncentratipi^ of stress. Matxjtain joint alignmmt by 
*^e v^e of fixtures and_ with adequate tack welds. Tack welds; when 
used for alignment and holdings should be of suffici^t sizfe to s^- 
pdrt the joint throughout the welding bpetations. ThB spacing between 
the parts fb be 3bined shbuld be car eiixlly considered* The edges 
should fit snugly. The- root opening between tie weJdijig edges for a 
given thickness of metal must permit the gap tp be bridged without 
difficulty* The torch should be h^d at tie center bf the joint an^. 
moved in- small piarcles to obtain complete fusion at the edges^bf the 
weld axid alsb ol>t^iii the correct penetration. The completed weld * 



^axxid have leg dfiettsions of not less tlia3a^l-l/2 times the wall 
thickness, 15 to 85 peScSt penetration ^^^a^ the face should be flat ^ 
to pligbtly convex, as: shown in figure 10. » 

1>rocedure for Welding a Tee dbint 

1. Fit one pipe to straddle the other pipei 

2. elean and deburr tie pipe. . 

: 3; V Set Se welder from AC current with high frequency. 

■ Tack weld the pipe at no less than three spots evenly around 

the pipe "irtth th^ tack welds not e:?ceeding one inch in length. • 

i Cheid: 36int for .al^^ 

; 6» ;Weld the joint tcr the proper specifications i 



You have now completed this stiudy guide; 

Note: Aiiswer Sie questions at the end of this chapter on* a 
separate sheet of paper. ~^ ' 

QUESTIONS 

±. Why should the tungsten electrode be grotmd to a point vhen 
TIG welding heat sSd coixosion resistant ferrotis alloys? , 

2. What ^e gas is recommended for backing gas for welding 
pipe joints? Why? ' : 

r 

3. What is the angle for a: standard vee bevel? 

'. ' ' ' ^ _ _ __' 

4. : What is the joint spacing for welding pipe butt joints? 

5. a^lain the cor^ a weld bead 
\^en welding pipe butt joints. 

6. What advantages do small weld beads have over large weld 
beads \*eh welding pipe butt joints? 

7. How many. tacks are required welding pipe butt Joints?. 

8. What ii Se . purpose of tack welds? ^ 
REFERENCES ■ 

1.' TO 34W5-:l-5, Welding The ory ^d Applicatibh , 

ti Mthbuse, Turnquist, Bdwditch, Modeim Wel ding^ 1967. 
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■ - -^- :-^ V : ddlNTS OF^ 

OBJECTIVES . - 

After co^ietlng this study gdide and your classroom ±3is true tion, 
you will apply Sop sife-ty, good hbusekeeping and fire prevention 
ineasures while welding jbihts of aluminum alloy in 

accordance with the criterion die^list. 

INTRODUCTION - 

• ■ . . . _ 

Ybtt fiav6 jiist completed a lesson on welding stainless steel pipe 
and you are now going to study' joints of altsainuni alloy pipe and. 

tubing; Mmri5im^_bedajis(e _o;f_^ characteristic, nay 

give you a f ew oore proSi^. HOTrever^ if you follow the procedures 
and use the Information in this study guide you should have very 
little problem. 

INFQRHAflSN j ^ 

' MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

Ml weld beads must be completed, and pipe cut so as fco ftilly 
utilize Ml training material. To help conserve resources, there will 
be^.no argon Bacfcip gas used dxrcing this exercise. 

TIG PIPE WELDING 

TIG pii>e welding is differeat from bxyacetylene welding. The 
highly cbncehtrated heat of the arc produces a weld px»idle which is - 
OTalier-^d easier to control than the weld puddles obtained with 
other processes. In addition » the weld peoetration is deeper with the 
Tie pifocess, and welding speeds are faster than with other methods. 
Because of these differences, special techniques have, been worked out 
for TIG pipe tjeidi^g. Ev^ though you may have had e^^erience in 
o^acetylene or covered Mectr ode welding* or even in TIG welding 
of other materials, you will find that you must learn a nw set^of; 
skills f or TIG ?ip& weldtog . You will have to be able to "read" 
m& weld puddle aiid understand ^*at it teHs you pout the penetration 
and weld bead dbhtbur Inside the pipe!, Wien you are able to. respond 
automaticaily to thebe indications without taking the time to think 
about th^, you \d.ll have mastered tiie technique.of TIG pipe welding, 
and. you will be able to produce high quality welds in any j oint 
desigh and in' any position i 

: TIG HEhDIN&v EQUiPMENT • ' ■ 

Electrodes 

A suitable supply of 3/32 inch .diameter electrodes, jwith collets 
to hold them, should be available. Two percent thoriatedtunesten 
electrodes are preferred. Grind the electrode to a spherica, shape. 



Shielding 6as , , ' 

ifeiding grade argon ±n (flinders ^ori from aii argon manifold sys- 
tem is required. If cylinders are used , two cylinders ■ supplied with 
argon regiiiatbrs and flowineters should be used; one for the gas 
ii^piy to the tdrch^ tie other as a source of gas backing. If argon 
is sT^piied from a manifold ^ two flowmeters are used to meter the argon 
flow for tiie tbr& amd. for the gas backing. 

Gas Backing 

Argon is recoflimended as a backing gas for pipe welding^ since it . 
is the most effective in preventing oxidation, of the back side pf; the 
\reid. The argon backing may be confined, to the yeld areas by the 
use of baffle, by completely filling the pipe, or by tiie use of a 
removable ba^tog^d^ice. ' The backside of the weld should f^^st be^ 
purged-Trt±h-six-voiames-of-argbh-fbi^ baffles 
of axe backing device. Thereif ief^ a gas flow of 3 to IP cubic feet 
per hour should be maintained during weld^. Higher flow rates may 
be required if a joint spacing is used between the pipe sections. 

Welding Power supply • " 

• Alt^^ating curr^ , high frequency is ; used ixL widtog all grades . 
of aluminum and aluminum alloy pipe and tubing. This current^is ■ 
used because it produces a gobd de^ir^ action, which, is very^i^ 
portant when welding aluminum or aluminum aUby. The power supp^ may 
be an ac or dc rectifier type, or it could also be an ac transformer. 

(Jtfier Supplies 

A welder's helmet with a number 10 or number 12 shielding glass 
is needed to protect Se operator's face and eyes. A pair of light 
leaaier or cotton gloves should be worn.. Avoid the t»e of the 
heavier- chrome-leather or asbestos gloves ^ since they interfere^with 
the "feel" bf tiie welding rod and torch during welding. The gloves 
^ii also protect ybu from getting a aild shock while Using the 
M.gh frequency and ac current. Cieanii^ supplies wiU also be needed. - 
These^li iiciude rags Sbaked iji acetone, files, and either a hand 
wire brush , oir a power wire bru^ . Aluminum ^welding ro^^to match 
the aluminum pipe being welded should be used. Rod of i/16^^ch 
diameter will generally be found acceptable,. Itod of 3/32 indx may- 
be used, but new operators tend to use tob low a current and welding 
speed, with this Size rod. 

TIG WELDING ALUMINUM PIPE 

Preparatibri of Edges 

'--- All butt joints Sust be melted through their full thickness 
to ohtain a complete P^etration weld. This can be done by using 
the same joints as were ^scussed for stainless steel pipe, welding. 

eiearii hs : : • 

jbiits mst be thorou^y cleaned to* r^ve all foreign ^-^^ 
stances before welding. Oil, grease, dirt, paint, and othc^r substances^ 



will burn in the arc and generate gases \*ich xdil cbhtaminate the 
Inert gas a^_ interfere with the clean, smooth^ flow of V7eld metai. 
•Th^e materials can also cause porosity, incomplete fusion^ in- 
aSequate penetratibii^ and undercutting, in addition to tough welds 
of poor appearance*^ 

Joint edges can be cleaned with solvent soaked rags to remove 
surface oil, grease, and -^irt. This should be siifficient cleaning 
for most joints. StrLtable solvents inctede n^tha, alcohol^ and 
acetone. When sblvent soaked rags will not remove "i^e'dded^ dirt ^ 
it will then be necessary to employ files, chisels, wire brushes^ 
or metal scrapers. These should be clean and free from oili 

Tack Welding * * - 

After the edges have Be^ ciean^, assemble the joi^ When 

-tiie-j aint^^^hai-beei^ 

Ibcatiohs. The tack weld should be fully penetrated and- rather 

flat; that is^ hot built up_ and should not exceed one indi in 

length. Three such welds placed eqtial distance around the joint 
will usuaiiy maintain alignment .. 




Figure 11. Torch PpsiHon For Wetding 
PLpe in the Vertieal Position: 



Welding a. Butt Joint 



The butt joint will be welded, in the vertical fixed welding 
position so, Serefbre,^will be welded in: the horizontal welding 
position. Special techniques are required to ccanpensate f or .the 
sagging of the puddle due to ^e force of gravity. Position the 
torch as shown in figure 11, and form tfie weld puddle on the upper 
side of the joint, keeping it sliiht^ above the centerline of the 
joiit. Move the tbrci in smaU circles, from tie top of the puddle 
around the puddle to the' bottom^ and then up the- other side to the 
top. Do not jermit the arc to dwell too long on the bottom, but. 
permit it to dwelt longer on the top of the weld. This circular^ ^ 
motion will insure fusion bf the bottom of _^e_ joint with the filler 
rod and yet will not imdercut the upper side of the weld bead. Pre- 
venting cdiitamlnation of the weld is very important when welding 
aluminum and alumlnt^ If the electrode becomes, contaminated, 

iegrind it to. a dull point and as you are welding it will form a ball 



Figare 12. Finia^d Horizohtal 
Wetd Bead.. 



aa the end. This , is vhat is desired^ The contamination will also 
have to be cleaned off the weld in order to obtain a good weld. 

' The butt joint should, have lOO percent penetration and the finished 
weld should be about 1/8 indi wider than the joint, with the overlap 

• spaced evraiy on both sides of the joint. The weld bead height 
should- be about 1/16 inch Sbve the surf ace of tiie pipe and should 
Increase evenly from the edges to tlie center. Weld edges should 
be straight and without any tmdercut, as shown in figure 12. 

: Procedure for Welding a Butt Joint x 

1. eiean and deburr the pipe. 

2. Align Se pipe to check the fit-up. 

3. Set the weidfer for ac current with high frequency. 

4. / Tack weld the pipe. 

a. Three or more tacks not to exceed one inch in length. 

b. Tack must be fully penetrated and fiat. 

5. Check your pi^e for: alignment and =^cohtam 

6. ^ Weld th^^pipe, obtaining full penetration and good fxision 
wit&diit any contamination. ^ i.. 




FiguT^e 12, Tee ^bini. ' 
7. FJLll joint with stringer beads. 

Welding a fee" Joint - - . -7 



The tee joint on pipe^ as on plate, is a fillet-type of weld. 
Th^ end of the vertical pipe mist be grooved out to fit the hori- 
zontal pipe. This type of fit-^ is called a saddle. After the ; 
pipe f it^p has been made, clean the edges thoroughly and remove 
aii burrs. All metal that is to be fused dmring welding must be 
Ssoliitely clean.' Avoid sharp corners, or sudden changes in size or 
csontour,; since they might lead to .concentrations of stress. Main- 
tain joint alignment by the use of fixtures and with adequate tack 
welds. Tack welds, i*en used for alignment and holding, should be 
of sufficient size to support the joint throughout the_ welding opera- 
tion.' The spacing between the parts to be joined should be carefully 
considered. The edges should fit snugly. The root opening between 
^e weldiig edges for a giv^n thickness of metal must permit the. gap 
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to be bridged witiiout difficulty. The torch slxould be held at the 
center of the jolnt .md sk>ved_iii small circles to obtain coo^iete 
fixsion at the edges of the veld aapid also obtalti ^e correct penetra- 
'^on. The c^^ieted veld should have leg dimenslbxis of not less than 
1-1/2 f-h"^ the TOii ^Icfeess, 15 to 85 percent penetration ^ and 
the face should be flat to slt^tiy convex^ as shown in figure 13. 

yhen welding fll^tni-y-ntim pipe, it is tODSt satisfactory to point 
the electrode toward tie center or axis of the pipe. This is more 
satisfactory than trying to modify tiie angle of the electrode along 
Se l^gth of tfi^ weld. The arc should, be maintained at a controllabie 
length, tisuaiiy. about 1/4 inch or lust long enough to prevent, con- 
tamination of i^e electrode ^en the welding rod is added. Short arcs 
do not contribute to ease of ^plication or improvem en t of weld 
soundness or appearance. The inert' gas should be adjusted to flow 
• at a rate ^ich will provide good cleaning, k welding ^rod should be 
i^ed for: all passes aiid ^puld be used in such ^ asnner that it does 
not interfere Tjd.th tie stability of the arc. The best way to accom- 



plish th ^ is to intrbduceTfie'^wgtding rod^eS^ 
pipe at the location of the arc; make sxire that the first contact 
is between the end of Se ^^iding rod and the leading edge of the 
pool. Stnooth, uniform forward TOtipn of the arc and £d of 
the filler rod will contribute to best resultsj short, jer^ move- 
ments will be reflected in inclusions, rough appearance ^ non- 
imifbfm penetration* and difficulty in application. 

Procedure for Welding a tee Joint 

1. Fit one pipe to straddle the other pipe. 

2. Clean and deStsrr the pipei . ^ 

A 

3i Set the weldir for ac current with high frequency. 

4. Tack weld the p;Lpe at no less tian ttree spots evenly 
around the pipe with the tack welds not exceeding one. inch in 
length. ' 

5. -Oieck joint for ali gnmen ts 

6. Weld the joint to the proper sped.ficatiOTSi ; 

tou have n<a/ completed tliis- section of the study go±d&. , 

Note: £nsw» &e questions at the end of this chapter .on a 
<i separate sheet of papers 

QUESTIONS ' . - 

1. V&at type pbiht is ^reconmended for the tungsten electrode 
vhen welding alumizium pipe? • . 

2. Explain the tem "land" in association with welding pipe ;> 

3. 'What type gloves should be worn \*en welding 'aluiainum pipe? 
Why? : ■ . ■• " 

=^-3£? 



4i llhat mist be dotie to keep aligninent \^eii weiding pipe 
joints? 

5. T&at ±8 tfie purpose of the higjh frequency current when 
velciing alisninQnt aHoys? 

6. K^iaHri the term "fillet." 

REFERENCES ^ 

1. TO 34W4-i-5i Weldigg Pie brv and Appitcation . 

V ..... 

2. Althoroe, TTffnquisti Bowditch, Modem Welding , 1967. 
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>: ^BUTt PATeHES 0N dET ENSINE R9T SEeTIBN PARTS . - \^ 

OBJECTIVES - 

After c^^letlng^this study guide and your classroom instruction, 
you will identify: jet engine hot section parts g their location, 
repairs necess^^; cieming method; and the repair procedures and 
techniques for weld repaS. -^oj you will apply shb^^ 
good housekeeping and fire prevention measures^ile naking butt 
patch weld repairs in accordance with the criterion checklist,. 

INTRGDUeflQN ^ ' . 

If you aie assigned to a field maintenance squadrbnj> you will 
J>e responsible for repairing many diSfer^t jet engine hot section 

-cOTpjMients^. —Ifcs^^ involve cracks in different-areas 

of these con5>onents. • • 

INFORMATION 

MANAGEMENT OF DEFENSE ENERGY AND RESOURCES 

• Lay out patch repair on ^rcraf t part in such a maimer as to get 
l:he 1-^^^^^^ anibunt of training time on each parti 

Conserve patch material by laying <sit the repair patdt with a 
minimum amount of waste. : . ' 

To conserve argon gas, use a copper back-up strip. 

TIG WEbD REPAIRS 

The inert gas-shielded arc welding process is used almb^ 
clusively for repair of ^et engine par'ts. Welds made by this method 
Se smaller and have tiie requir^ pli^ical propertiK whi^ are so 
critical for jet ^ihe parts. Host of the t^ld repairs are made 
on the •'hot section" of the engine. Repairs on the J*79 jet engine 
^ould be made by ^e inert gas-shielded arc process. An alternate 
process can be used only if allowed by the teclmical order. 

Repair of a hot section part is not a guesswork procedure. 
Step-by^step procedures are outlined in. the TO coveri^ repair of the 
parScui^ jet ^gine yv-u may be working -on. The TO givef yoi: the 
base metal of «my c^c it, the welding process to use, and the type 
•dr. types of filler rod needed. This is ^ of course, if a repair is 
authorize to begin with. You may even find that although a part 
may have a cracky the TO tells you it is not necessary to repair it. 
the TO that -pertains to a specif ic repair is always the final authority, 
^cept in cases of extreme emergency. 

The TO to constilt for assistance in this lesson is TO 2J-J79-66. 
This TO' covers tte i-79 engine from the smallest nut and bolt to the 
largest of the engine's components. 



Figure -14. 3-79 Engine. - 
J-79 ENSINE 

The J-79-GE-19 engine is a.'lightweight^ high-thrtist,' axial-flow 
tiSbbjet engine with variable afterburner thrust. It incorporates ^ 
a 17-stage compressdr^ in \rtiich tiie angles of the inlet guide vanes 
and ^the first six stages bfc.vanes are variable; a cdmbustibn system 
- consisting of ten combustion liners tecated between an iiiner and_ 
outer casing; a three-stag^ turbine rotor that is coupled directly 
\to the cbmpressor rotor; *and an afterburner system that provides 
Sinxst variation by means of fuel flow scheduling and actuation of 

t^e variable area exhaust nozzle. The J-79 engine is illustrate 

in figure 14. 

Below is a lis.t of alloys used in making component parts of 
the J-79-C^-5B,^C, and 7A model engines. 



a* 


Aluthirniy alloy 


8- 


Hastelioy-X 


b. 


Magnesltm thbrlum 


h. 


R-41 


c. 


etaomoioy 


i. 


R-235 


d. 


A-286 


Z' 


N-155 


e. 


Incolby-T 


k. 


321 Stainless 


f. 


t-605 


1. 


inconel . 



Nearly ail of these alloys are repairable at field level; however 
you may not remember the various types of alloys that the manufacturer 
uses for the construction of the eagine. You are not expected to 
remember the alloys tised in the construction or the procedure used 




to repadtr a "hot section^" and tiis is i*iy technical orders are tised. 
TO 2J-J79-^6 is Se technical order to consult on the J-79 ehsine. 

etE^ING OF HBT SEGTieN PARTS 



Ail parts that require weld repair should be cleaned tfiorou^ly 
endi^ to allow inakii]g:^cKi welds and allow visual inspection to 
determine the extent of th^ d|miage.__Cle|mlng of 3^ 

prfbr to welding is outlined in TO 2J^1-13 and tiie -16 for the parti- 
cular engine. 



Caustic Soda Solution eieariirig - 

- _ Sufficient watei sV'^uic L2 used to completely cover the parts 
^ile soaking in the solution. As j::austic soda is higjily active^ 
tfxe vtank should Be made of stainless steelj supported by an outside 
wood shell covering. The solution strength ^ for effective cleaning, 
, should contain from 10 to 14 ounces of caustic soda per gallon of 

_^ ^ter. The soigtton may be used either hot or cold; however^ cleaning 

is most effective when the solution is heated to 180^ - 200 F. Wien 
Tised at room temperature, a longer soaking time is reqtiired^. After 
the part is clean, it should be rinsed in hot water to renwave all 
traces of the cleaning solution. 

Rydrb-Steam Gleahirig ' . 

An alternate cleaning method is by hydro-steam cleaning. The 
TOiuticni used is a mixttnre of one part cle^^g co^ound formula C 
to 25 gailbns of water. This solution is grayed the part xxhder 
steam pressure of 100 psi. Removal of heavy carbon deposits is then 
made by applying a carbon rpibver solution. These cleaning solu- 
tions Se listed in fiP supply catstlbg. _ 



-Bl^st eieaniirg"' 

There are two types of blast cleaning ^i^ i^ bemused to 
remove hard barton or_lead deposits -from engine components. The 

two types are- 'Vapor Blasting" and "Soft Grit Blasting^" Usi^ 

either type > the- engine part mist first be degreased or put througji 
a decarbonizing solution and tii^ rinsed and dried thbrou^ly. 

Mecfiaoi cal 61 eani ng * 

Parts not. having deposits of cSbon can be cleaned of surface 
oxide by mf^h^^^p^l c^^iarffttg: This ciea^ng is best accomplished 
with abrasive clotii (80-100 grit), steel wool, or a peach stone ^ 
blMt. _ < 

COMBUSTION SECTION 

The coSustion section of the J-79 engine^ shown in figure 15, 
is also known as the **hot section" of the engine because this is 
iAiere tOic fuel is burned. This section is also i*ere most of the 
repair work is done. The section consists of four-i)arts: biiter . 




Figure IS. GonSmBtion Section, 



combustion casing, inner coniTistibn casing, combustion liners, and 
a traiisitipn duct^ _ . 

.Outer Combustion Casing 

^ The 6ut« combijstibn casing is split on the horizontal line |d 
permit removal of half of tie casing for inspection and^ removal of 
the liners. The ^pef half cbntairis ^ port at tie 12 o'clock posi- 
tion for extraction of anti-icing air." The lower half contains 
two spark plug bosses, for numbers 4 and 5 ccmbustion liners, and 
a cdBibustion system toiini A port 6ear the. rear flange Ipts air 



flow from the_confl)Ustioa casing to the torch^igniter. __A Ipcking 

stripy x^i^i fits_aidig the Ijiiide. of tiie horizontal flange^ 

Jtr^thens the flange and prevents air leakage. The outer combus- 
tion casing is an asseifljly of matched halves; therefore, the entire 
casing Sst be Replaced vfaen replacement of either half is necessary. 



»EAR 




Figure 16 • Corriyasticn iMter. 



ebnibustibri biriers 

- Each combustion liner consists of Uiree parts riveted together. 
They are: an inner iiner, m outer liner ^ and a rear' liner, as 
shown in figure 16. The outer liner incorporates a snbtit which 
icoops compressor discharge air into tie liner. Vanes in the snbtit. 
distribute air uiifbrmly around the dome of ^e inner lin^. A slot 

' in the snout permits the fuel uozzIa to extend into the inner liner ; 
dome. The nmSer 4 ^d 5 liners have spark plug holes titrough the 
btiter and inner linei^^ 

/ - ' ' - - - - - - - 

The rear linefs are oval-shaped and bblique at the rear to - 
facilitate their removal. A wear ring is riveted, tb the end of 
^e rear liner. The liners fit into tie inlet ports of the.transi- ; 

■ tion duct aSa are suppbrted by it. The liners have thimble holes ^ 
throu^ lAich air is introduced to complete tie coniustion, and 
louvers that /provide a flow of cbbling air along the inner surface 

of the liner. . 

'■ ' ' ■ ■ . ■ ■ " . , ' ' 

nie fdjacent combtration itoers/are jbined hear the front end ' 
by. cross-igxiitibh tubes. The flanges of adjacent liners are held 



by V-band cianqps^-^to form. a sturdy asisenbly. The liners are restrained 
by retaiodjig bolts in the cOTpressor rear frame i 

c Inner torabusti on Casing 

Tftp ix^^r ng « an internally - stiffened ^ c^^ that 
bolt^ betvean thS ccmpressor rear:: frame ai^ transition liner 

and first-^tage turbine nozzle. It absorbs the torque develdped pti 
d i e turbine nozzle and co nfines the combustion airif lew to ^^^^^^^ 
passage around ^e ij^ers* Holes near the front of the casing per- 
ndt air "to flow into thi 'Camber around Se turbine shaft to cool 
' the shaft. 

/ Tfahsition Duct • 

The transition duct- provides a ring of ten oval inlet ^pbrts _ - 
stnA ait ^™ "t?^ €adx tbki has an area approxlanately crne-^alf that of 
^e total area of the ten inlets to accelerate the gases, intq the 
— fiist-stage nozzie. The. duct is supported and is held In^^ 
five piii-^blts near the rear flanges of the inner coniustion casing. 

The lnlet;f«>rts of the transitio support the rrar end of 

: — the c^&UStio&^^lihe r ST Small louvers between the inlet ports admit- — 

cooling air. \, - 

: HJgt^&TRG PRQCEDU RI ' ^ , 

Tdu must be qualified, * in accordance xrtth Mlt-T-5021, before 
.malting repair -v^lds on engine ^components.' YoujBrast ilso^e the 
inert gas-shielded arc weld^^^ 

tmless otherwise specified by.^the:. pertaining TO. When welding on * 
engine c^^ott^ts> you must also be aware of residual magnetism. 
Jtesiduai ma^etism is induced electrical cuixent flow through a • 
part and if it becomes strong enot^, it may attract metallic parti- 

. ' pies t^ich, ±f introduced into an operating bearing ^ can catise 

^ severe damage. ' You can minimize ^the_strength of die ^sidtaal ■. 

Wgnctlom^ however » by placing tlie ground cable as close to the : — 

work as posslila. , ; - 

' eh^mblby Engine Parts" v - 

' ^ Vapor degrease the .part or . clean tie repair area with a lint- 
frfee cloth soaked in acetrae or benzine to remove any oil or -grease 
on the part; Make sure the part is clem, down to the' bare metal 

-in the repair _area. Carbon,- scale, rust may be cleaned ^ ^ 
^e metal surface by using a power-driven stainless steel rotary, 
wire brushy by using emery grit roll^ or by grit blasting. Cover ^ 
ptog ail openings prior tb girlt blasting. Polish, the surface with 

^ a stainless steel rotary.brush. br emery grit foil after grit blasting 
to remove residual .pit* Inspect both surfaces of the repair area, 
if possible, to deter^^ if cracks ext&d completely through the 
metal. RemdVe rivets if cracks ext^d under the rivet heads. 

. Completely gr^^ 
: eiind appro±Lmately_l/8 inch beyond the ends of ail cracks. For 
^bu^ cracks, griid to depths depending on thidmess' of the parent 



' . metal. Ifetals up to 8^845 inch thick .should be ground, but to 50 
petcent of tiie metal thickness i Metais from 0^045 to 0.090 inch 

t&Lc*' should be grbund 'but to 0.30 incii of the opposite surface. 

: ^ * After all cracks have been grouped out, the partvshouid be reinspected 

? to be certain all but; through cracks have been removed. If no cracks 

are in evid^ce^ clem the area with lint-free cloth soaked in acetone 
or benzine to rraove my residual inspection fluid. 

[ _The back surface of the repair area should be protected with 
' shielding gas. If the area is accessible, position a contoured cop- 

per' block containing gas grooves , pr a gas. cup containtog a suitable 
diffuser, against- thi^ surface.. Direct- about ten cubic feet per 
. hour of welding grade argon or helitm into the block or cup* The 

block or cup shbuid provide even^ iipntvn:bulent_gas flow. The gas 
grooves in. the copper block should be about 1/8 inch wide and the 
* outlet aperture should be recessed 0.060 to 0.090 inch below -the con- 
* toured: surf ace of the block. The -gas cup diff user should, be recessed 
about 1/^J inch below : the open end of tiie cup. "ig^he back surf ace 
■ of the repair area is not accessible, seal ^e ca^ty b&ind the . 

. ; repair ar^, except for a gas inlet and outlet. Direct yelding 

grade-argbn or^ helium: into the cavity until it is completely purged 
of air. - \ •' ' ' 

The welding machiie should incorporate ar ctr pi -or equivalent . 
_ It shotiiibe set for dc straight pblarity. The electrbde shduld be 

'^'^ — ^^^-^ -1/ 16 inch d iameter ttmgsten, - two percent thoriated.. The ead pf the 
.lelectrbde shbxad_be pointed. The' torch gas should be argbn ad- 
Justed tb 10. to 15 cubic feet per_hpur.' Filler rod shbuld be 
> - ' • ^rOTttbloy la^32-, 1-16^ or 3/32-inc:h 'diameter-^re, depending upon 

^r^^- the size of the crack to- be.^ welded.: Adjust the current for metal 

thickness as listed below: - , ' - 



Up tb 0.045 . " , 


35 


tb 


45 amperes 




0.045 to 0.060 


50 


to 


.60 amperes 




Q.QBO to 0.08P 


65 


tb 


75 amperes. 




0.080 to 0.100 


80 


to 


90 amperes 




b.lOO to 0.125 


90 


to 


100 amperes 


(multipass) 


0.125 and 


.: 88 


to 


"100. amperes 


(multipass) 


Castings 


80 


tb 


100 amperes 





Clean the filler wire" inmediately before use by wiping with 
acetone. Start the arc on a copper strip if the welding machine 
does not have a high-frequency arc starting circuit. Weld the _ 
crack and locally stress relieve each boss or gusset assembly before 
. ; proca^ding to the next repair area, if you are making a multipass 

weld, clean the bead after each pass by grinding or grooving. 
Polish with "a stainless steel \d.re brush to 
• ■ • welding another bead^ If you are voiding from both sides of a , 

• <- • repair area, grind or ^opve the root of the first weld to sound 

. X.;. metal and inspect for cracks. Remove, any residual grit with a 



— . t ^ ■ - 

^int-free cloth s5rfced in acetone or benzine rad p51isfi With a staih^ 
less steel fetary- brush. before making additional welds; 

Stress relieve no more than tw5^ linear .inches Of weld heat- 
affected zone at a tUne. Use an oxyacetylene torch to locally heat 
■ the area, ustog a neutral or slightly reducing flame. Jo insure 
that the heat-affected zone is heated. to the correct temperature, 
ise temperature-sensitive crayqns. of the proper^teaperature^range. 
Hbunt a- locally manufactured shield along the edges of the heat- 
affected feone to prevent e^osure of the adjacent parent_metal to 
^e torclil flame. Slowly bring the. metal ^^P^ff f J.^^fg^S 

affected koiie up to 1200 by intermittent application of the torch 
flame. Gontrol the. rate of temperature rise §o that pne ^^^^^ 
iTrequired to reach this temperature. Hold the metal^ temperature 
tetwe^ 1105° and 1250°F for five minutes. Time this interval ac- 
. SStSyf starting ^en' the ten5..rature reaches "^J^^ 
ture m excted 125d°t for a maximum total time of one iidnute,_bjt 
it must not exceed 1300°F. The tempera.ture Bay go belowllSO F^or 
a SasUmnn total of two ^ntSes, -but must not., go t»f low . ^0 F . The 
tSSture and tiie time most be carefully cOntroUed during stress 

rellevtog to-lnsure satisfactory welds. Polish the str^s- 

jS^^area with a stainless steel rotary wire bursh 

2i Sdes. scale,: and; temperature-sensitive crayon residue, -inspect 

the -repair to instire that nO cracks remain. . 

A-286..IncolQy-T, b.6B5, Hastelloy-X, and 321 Stainless Steel 



You should follow the s^ procedures for cleaning and preparing 
th^e metals for ^welding as" you do -for- chromOlc^ . engine P^^^ ^ow 
. ■ SS! after all cracks have been gro^d and grooved out, the area^ 
Should be treated* with acid etch to r^ove any smeared metal. The 

acid "etching solution is, prepared as follows: ^ 

'77cc ' ■srater ... 

iScd Sulfuric acid '(95-98 percent) 

.. 180.CC hydrochloric acid (36.5-38- percent -CP grade) 

55cc • ktric acid (69^71 percent eP . grade) 

75cc acetic acid (99.7 percent) 

. 45 §rams ferric chloride (FeeH3-6H20) 

■ ^plv ae etWng Solution, with clean cbttoh mbs. One minute 

skin, since severe bums will result. 

. ^ter acid etching, reinspect the repair area to^ thg 
ail but Se through cracks have been removed. Regrind a"d etch , 
, Sd rSnSect i^iy crac^ found. Glean the repair area with 

ErJc . - 2i8_ ^ 



lint-free bloth soaked in acetone or benzine before starting the 
weld* _ Provide gas backing to the repair area by the same procediire 
as outlined for welding chromoloy. 

All the engine parts fabricated from these ailoys are- gelded 
wiS inert-gas tungsten arc, using dc^ straight polarity. _ The elec- 
trode should be l/i6-inch diameter tungsten^ two percent thbriated, 
and grotxad to a point; The torch gas should be argbn^ adjusted, to 
iO-15 cubic feet per hour. Refer to the TO in selecting^ tt^ filler 
rod to be used with each alloy engine part ; '•Adj us t the current 
for metal tiiickness as listed below: ' . : 

Up to 0.045 ^ 30-40. amperes • 

0.045 to 0.065 50-60 amperes 

0.065 to 0;d9d 60-80 amperes ' 

.0.090 and up ^60-80 amperes (mtitipass) 

Castings 60-80 amperes 

_ ____ ___ 1 

eiean the fill^ wire immediately bef ore ^se bv ViP itig with 

acetone; Start the arc on a copper strip if the welding machine 
does not have a high, frequency arc starting circiiit. If ypii are 
making multi|iass welds, clean the bead after each pass. : If welding 
from bbtJi sides of the repair area, grind or groove the root of 
the first weld to sound metal, acid etch, and ^inspect for cracks. 
Clean the area with a_ lint-tree cloth soaked in acetone and polish 
with a stainless steel rotary brush before tietking additional welds; 
After all welding h^ been completed, polish the area with:a stain- 
less steel rota^ wire brush to remove all oxides and scale. Inspect 
the ar^a to insxxre that ail cracks are repaired. Clean the repair^ 
area with acetoiTe or benzine prior to returning the part , to service. 

ATumlnum Allpy 

You mxist be"traineailmd~^ to weld alinninum ailby engine 

parts. Clean alinninuiQ alloy engine g by vapor degreasing or 
Piping the front and back surfaces of the repair area with a lint-free 
cloth soaked in acetone br_ benzine to rembve oil or grease. Paint, 
dlxt, scale, pr carbon deposits must be removed frbm the /front and, ^ 
back .surf aces of the repair area by using a stainless steel rotary ^ - 
wire jbriish. ^ ^Remove all chemical or 'anodic protective coating frdifi 
the front and back surfaces within one-ihalf indi of the weld area, 
using ^160 or #180 grit emery roll, disc, or sheet, inspect the^ 
front and back sxixrfaces of the-r^air area to determine the exact 
location and ectent of cracks. ' 

Completely igroove out ail cracS^except* thrbu^ cracks. Groove 
tb approximately 1/8 inch beyond the^ds of ttacfe. Use a carbide 
or high-speed- rbtary steel jrotary file to groove -out cracks. Db 
not use grinding ^eels. Wh^ cracks go completely throu^ the^ 
part, they should Be grobved out as_indicated: up to d;d45 inch, 
50 percent of metal tiiickness; 0,045 to 0.090 inch^ 75 percent of- 

29 ' 



SBtai thiclmess* and 0.090 ±n<± and thicker f to 0;C^O^^i^^ 

bade surface. Groove the back surf ace of the weld area to blend 

any shart^ edges ^ resulting from througji cracks; to smooth contours. 

After the caracks have been grooved, acid etch the repair area, 
using an etch&g solution consisting of water and 5 percent (by 
volume) of sodim hydf oxide. Apply the etching, solution to the area ^ 
with clean cotton swaSs. . Permit the etching solution to remain on 
-the=^^ -f or-5d-to^ 6b secOTds^^^a area thoroughly with 

water and dry with a clean lint-free cloth or filtered compressed air. 
Reinspect the repair atea to be certain t^at all cracks have been 
removed. If any cracks are in evidence, th^ must be ^bdved but 
and etched before the welding Is started. The bade surface of the 
repair area shbtild be protected with shielding gas, txsing the same 
procedure as for .^rbmblby. 

The welding machine shbuld^incbrporate a fobt-bperated current 
cbntrbl device, llie process for x^diig al^iM 

inert-gas tungsten-arc, using acHjith high frequency. The electrbde 
should be twb percent thbriated tungsteai, 3/32 to^i^^ 
dieter. Use argon fbr the torch gas, adjusted to IQ to 15 cuBic;; 
feet pe^hour; however .if increased penetration is r e quired, h e lium _ 
my be used. Use filler rod as designated for aluminu^ engine parts 
in TO.^ Use a l/liS- to i/8-inch- diameter fiUer rbd, depending 
tie size of the crack to be welded.' The current can be. adjusted to^ 
the approximate setting by the following fbrmula:; fbr metal thickness 
up to 1/8-inch, use 1000 amperes times titie m eta l thickness. Exagq)le: 
1060 X 0.(345 inch metal tifciickness' equals 45 amperes. Fbr metal 
thicknesses 1/8-toci or ^eater^ use 125 amperes. Reduce current 25 
to 33-1/3 percent when ybu use helium torch gas. 

clean the filler rod imaediately befbre use. If the filler rod 
is bld^ polish it with stainless steel wbbl tbirenuwe surface oxides. 
Wipe the filler rod with a lint-free cloth sbaked in acetone. 

Wh^ you make multipass wlds^ clem the bead wit h a stajnlpss 

^f^er^o^:^^wtre-^fim^ ~ 



sides Of the parifit SetalV grooved the root of the first weld to 
sound metal and acid etch befbre 'inspecting for the exact crack 
•location. Afte^ inspecting 'the area and identifying the crack loca- 
tibhj clean the area with a Hit-free cloth soaked in acetone or 
benzine before inaking additional, welds. After all welding has been 
co^leted, inspect the complete weld area for evidence of cracks; 
if none are- founds clean the weld with acetone or benzine prxor to. 
placing ti&e part in service. * ' 

Note: Answer the questions at the end of, this chapter on a 
separate sheet of paper. 

qUESTIONS 

i; What is the ftihctibti of each of the foiiowing: 

a. Transition Duct (Inlet Ports) 

b. Combustion tiaer 

30 ■ 



^ (15 Louvers 

(2) fhifliBle Holes 

\ _ . __ - _ 

c» - Siner Combustion' Gasihg 
a. duter Combustion easi^ (Top , Half 5 
21 The series TO or maintenance md repair of jet engines is 
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3. What are the two types of cleaning processes and give 
examples of each? , ' 

. 4. Why is a lead pencil not us^d to mark damaged areas on. hot 
section parts? ^ ^ . 

5. Bqpiato the preparation necessary for welding cracks on 
5et engine parts. . 



_REEEREIiC£S_ 



1. TO 2J-6 Series J ^l^ld Hatrrtenance Ijis tructibns . 

2. TO 2J-i-13t Turbo Je t Engine o j^i^s Tt ^ bine creaning . 
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' FILLET PATCHES ON OET ENGINE HOT SECTION PARTS 

. oBaEetivEs^ ' • ■ - ' . ' 

I 

After ccmipleting this study guide and yotir classroom instruction 
you will apply shop safety^ good .,hoiisekeepitig and fire prevention 
xneasixres while making fillet patches, on jet engine hot section parts 
in accordance with the criteribh checklist, 

INTRBDUeTieN ^ : . 

Fillet patches are not used in a major- repair of a fiot section 
component . However , there are many parts that can only be repaired 
by this methbd* An improperly applied fillet weld or patch can do 
more damage to a jet engiiie hot section than no repair at all. 

INFeRHAT 10N 



MANAGEMENT BF DEFENSE ENERGY AND RESOURCES 

* In order to conserve some of our resources, do not use argon gas 
for back-up purposes, ' Use a copper back-up strip. After completion 
of the exercise, re txarn the copper "strip to your -instructor, for use 
by subsequent . classed ^ • ' 

^] ■ ^ ' FILLET' WELDS ^ 

Fillet patches are used on hot section parts to replace compo- 
nents, such as crossover tubes and ft^^at shields of combustion 

chambers.. These parts normally reqtiire repiaoement due to cdiaf ing 
wear at the crossover tube outlet because it has rubbed against 
the tube of an ^joining chamber. * . . % 

Prior ^tb repairing or replacing a fillet weld or patch, consult 
the appropriate tO to be sure that; the repair is authorized. 

JET ENGINE GBMPSNENTS 

Fi-eld repair by .fusion welding of cracks in steel parts in J-57 
^gines becomes a special prol>lem, A large percentage of these ' 
parts are--f abdicated from 13 perc^t cbrrbsidn-resistan chromium 
steel yAilc^ is susceptible to air hardening. The high temperature 
at which fusion weld repairs are made and -the. subsequent air cooling 
of parts from these t^iperattSes usually result in an increase in 
hardness and a loss in ductility. Parts on which fusion weld re- 
pairs have been made have a tendency to crack because the steel 
structure has become unstable and highly stressed. The structures 
can be improved by reheating parts and controlling their cooling. 

Most repairs on the J-57 e^ine will be made in the combustion 
section iiiustrated & figure* 17. The combiistion section is lo- 
cated in the •'hot section" and starts'' at the aft end of the com- 
pressor section and extends to tie end of the afterburner. It gets 



ae name combustion section because this is where the fuel is burned i 
As the fuel is btirned^ the temperature rises to approximately 5000 ^'F 
md ^is causes great stress upon the metklj \*iich eventually \ 
catsses cracks, there are many repairs which may be made oh a hot 
section, but before you can m^e„ the repairs ^ you must first clean 
the parts* • ' 



CLEANING HOT SECTION PARTS . ' 

eieanSg ist normally done on hot section parts prior to their 
arrival in Se welding shop; ^here may be times_\(*ien f iirther - 
cleaning is required/ fhere^are four types of cleaning you can 
use to remove corrosion or contamination. 

■* ■ • _ 

begreasing a : 

R^bvlng all oil or grease frbm parts is. necessary to prevent ' 
cbntaminatibn of cleaning agents duting follow-up cleaning. 

mUISIO^. TWE CLEMERS. These cleaners are safe for all metals 
since they are neutral and nbncbrrbsive. . 

CHWRISMED SOLVENTS. These Solvents are usuaj-ly used in the 
vapor bondehsate method. Parts degr eased by this metiiod^e abso^^^ 
■ 3y dry, and-if-4:hey are"nbtH:o-^^suhjected--^Eo--fe^ 



be sprayed immediately -with a corrosion preventive. 

T^TROI^M SOLVENT. These solvents^ may be used in a dip tank 

or as a sgray.^ When used ai a spray, they should be used in^a spray 
booth that ^ has positive ventilation .^b the outside". Although the 
flash point of these solvents is relatively high, proper fire pre- 
cautibns should be .taken. 

« ■■ .'"^ ■ ■ 

Decarbonizing ' 

Engine parts idsich have carbon deposits may be cleaiSd by 'soaking 
in a carbon removing solution. Since carbon removing solutions _are_ 
dangerous to skin anS eyes, goggles, rubber gloves, and aprons sl^buld 
be worn bv pers onnel ha ndling these s olutigns^,! ^ \ 



'Vapor Blasting " ' 

Vapor blasting' is* Tised to clean certain parts -"of H^d carbon 
and lead' deposits. This clewing is normally , done after the part 
has been degreased or put through a decarbbnizing solution. 

Soft Grit Blasting , - „ 

This is also used to remove hard carbon or lead deposits. Many 
types of grit, such as ground cbrn^ apricot Or peach pits, rainut 
shells, clover seed, and cracked wheat may be used. Some types af 
grit leave- a light greasy film on the par t^ This should be removed 
if you have to inspect it with a fluorescent penetrant. 



/ " FlhtET HEbBS ON HOT SEGTieNS 

/ ' _ _ _ . . . / 

;^/ Welds on the J-57 engine^ hot sfectioia, are made using the inert 
gas-shielded arc welding process* All the weldiiig that is done on 
the hot section^ however^ is not guess wbt:lk. There is a technical 
order ^i^ det^ls the complete procedure for cleaning and tepairing 
each part* The TO ^t pertadtos to the J-57 «xgine is TO 2J-J57-76. 

5ie following repairs are just some of the repairs \*ich require 
fillet welds cm the hot section of a J-57 engine. ^ 

EbmbUstidn Chamber Fireseal Assenfely 

The fireseal ass^ly is made from MS 5510 > and all weld repairs 
on ttLs weldment most be made by inert gas fusion weldi using, filler 
. rod 5MS 5680. Cracks occurring along the outer area of bolt holds 
cannot be repaired. This weldment must not be stress relieved. , 
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Combustion Chambers 

» - . - ■ ■ 

- The cdna>ustibn chaisiber is ideated in 'the hot section, and its 
purpose is to ignite and prbduce_ complete cdmbtistibn of fueli "^fhis 
produces a temperature around 5000 ^F, . The ejcpansibn and contraction 
caused by this te^eratxire produced cracks- in various areas of the 
chafer and mst be repaired in accordance with "TO 2 J- J5 7-76. The 
nomenclature of the c^Sustion Camber is shown in figiire 18. 

Diffuser Case Weld Repair Installed on Engine * ' 

This procedure^ prbvidea_ a itethod. for* authorized jet engine field 
main texiance; activities to weld the diffuser case while it is installed 
on the engine. It should be used with discretion, .since it will not 
produce a repair of the same quality as can be obtained by 'removing 
the case from the engiie. This type of repair is restricted by the 
absolute nec^sity of 'not being able' to remove the case. 

'Cracks up tb a_ maximum of three taches long are rep^able by 
inert gas fusibn welding. ^Nbt more, .than *one ' crack is permitted, to 
be repaired at e&ch strut Ibcatibn and no crack or repair is :per- 
mitted at the gearbox tower' sh^^ strut. _::"V" but the section to be 
repaired and weld with filler rod AHS 5680 or 5HS 5681. Cracks can- 
nbt be repaired iiiore than once. If a cSracfc repair wel^ develbps a: ^ 
crack, repair must be i^de at overha ul . Ail repai rs Jto _^thes e ^ cracks . 
must be locally stress relieved at 556^ to 660**? for. onf 'hour ^fe 
stress relieved' area must overlap and extend three inches .in all 
directions from the crack., . 
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Turbine Nozzle Assenbly . ^ 

Circumferential cracks (figure 195 not to exceed three inches 
Itf length arid axia_l_ cracks not to occeed three-fo'x^ths inch in 
length are acceptable as long as normal progression will not result 
in a piece of metal breaking by When breakout of a. piece of jnetal. 
appears likely, the piece may Ir moved as long as only' one layer 
of metal is affected-% Total acc :>ulation bf these cracks must not 
exceed 10 inches, and no attempt should be made to repair the part 
if the ^tai has deteriorated because' bf burning.: Inert gas- 
"^aeia^ig arc~'ti^Id^g ^ui :i t, be use d on -this assembly and stress re- 
lieving is not required i 

Nbte: Answer 'the questions at the end of this chapter on a 
separate sheet bf paper. 

QUESTieNS 

1. When are fillet welds used on hot sectibns bf iet engines? 

2. After reading the appropriate TO, \^at is the first ^hihg 
you should do prior tb welding? 

3. List four (4) types of cleaning used to remove corrosion 
and contamination i 
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^Figicre 19. CiTcnorf^rentiat &cu:kB ir Outev^ Material Adjacent 

and Rmzttet to Outer Sir^ Seam. . ' ' 

A. iSfiSt is the main cause of ccSifcustioii cracte^^ a combustion 
chamber? ^ ■ 

5. • ♦Ifliere are fillet patches- TOSt often used on Jet engine hot 
section parts? . 

• 6i What is the purpose of the comijustion diafiber bh the jet 



REFERENCES 

ii TO 2J^i-i3j Ti gbolet ^hrr gi n e o r Gas Turbii fe ' Clean^ > 
2^ TO 2 J-6 iS^ies» Pieia Haintehance 
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REeiPRQEATING ENGINE EXHAUST MANIFOLD REPAIR 




OBaECTIVES 

After completing this study guide an^ your ciassrbdS tostructib 
you wiii : determine cie^ing methods , repair procedures and techniqxxes 
and the materials required for repW.r on reciprocating engine eadiaust 
iiamifolds; apply ^bp safety ^ good hbusekeepiiig and fire prc^ventiqn 
meksurea ^iie making veld repairs on reciprbcatiiig engine eadtaust 
.manifolds in; acpardance with the criterion checklist* 

fNTRODUCTIdN / ^ . 

ffae use bf. welding in aircraft construction is now recbgnized 
as a most^satisfactbry means of joining both structurii and non- 
structural parts and. assemblies, depending * of course, on the type of ^ 
materials, joint efficiency, cost, and other factors . -There was a 
tlme^ prior to tforld War il, when_welding was hbt considered as being 
generally satisfactory for tie iigji ^metals and was limited to as f cw_ 
applications as possible pi the heavy or ferrous metals group. ToKiay s 
desi^ers and engiSeers have a different phflosophy and t^ advantage 
of every bppbrtunity to'-tis^welding in all its various fbrms. This 
pbiJ^sop h y may appear to a^y also to the repa i r-^ ^-^aixcraft parts 
and lead to the false cbnclusibh that welding should be the standard 
method for joi^^ anything and every l*i It must be understood, 
however » that welding is not to be used as the standard fabrication • 
methbd for any and ail aircraft Mrts^ that fail br rupture. A high 
degree of prudence and common seme must be exercised in determining 
Se applicability of welding and the appropriate pfbcesa f bt a given 
job. Printed instructions appear in technical orders, cOTmercial^^ 
literature i Air Force manuals ^ and various welding; reference books^ 
These prtoted instructibns, ^bugh^ do not ^ ^d . cannot , cover every 
circumstance with i*iS y& wili^be faced. This ardent study guide 
is concerned -wijih some sources of inf brmatibh and some procedures 
ybu can use in -determining weldabiiity of aircraft parts. 

iNForawioL. ^1 . — 

HANASEMENT OF DEFENSE ENERGY AND RESOURCES 

When" laying .out patch repair bh the e:aiaust manifold, do so 
in such a manner as to fuiiy utilize the specified area. 

Layout patdi. bh repair metal to cut vasie down to a tnihimtm. 

FACTORS CAUSING MANIFOtD REPAIRS 

Aircraft reciprocating engines have hot sections made of heat 
and corrosion resistmt steeled Incohel. These high temperature 
service parts must be^weid repaired frequently. Exhaust manifolds 
are particularly subject to cracks and worn spbts caused by high. 
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Interm^aSte Strength 


Fiir 


- 


- Fair 


Good — 






a*<t 4.5 Cu. 
i:s Ntg; 0:6 Mn 


Str e s sed Skin High 
Strength Part* Ex- 
poseo to w>rro»4ve 
Agents 






Goud 






• 


S.6 ZD. 2.3 Mg. 

i.6 Ctt 


Propellers. High 
— Stecn^ 






— Cood^ 
1 Fair — 


Good — 







1.2 Mn , 

4.a Ctt.. 0.5 Ms. 

6. 5 Mtt ^ 


Low Stressed Parts 
Structural Members, 
Rods, Ba.rs^ Angle. 
Extrusions - 


Good 
— Good. 




-Good 


Good 









5-7 Si 

1.5Mn. SScet . 


Castings — ^ 

DiiCU. Tanks, Interior 
Furnishihts ^ 


Good . 




— T^x— 


FSix^ 






Alloy* ' 


6.0 AI. 3*0 Zn. 
0.2 Mn 


—Castings 


Fair 




Fair — 


Good 
Fair^^ 


— . 




ChroQQC-Moly 

5&lDtcii Steel 

Nickel Stetl 
Qkfomc.Nickel- 
Mbly 


3.0 AI; 1.0 Za 
0;50Mn. 0.9OCt 
0.20 Mo 


Tubing 

Engine MoanU. 
Landing Gears. StmU, 
Tubing 


Good 


Good 1 




Good 


Good 


Good - 


18 Cr, 8Ni 


Exhaust Stacks. Hot 
Sect >n of Jet Engine*:: 


Cobd — 


— Good* 


Good 
Good 


Good 
Good 


F*ir 

Good 


Good 


3Ni, 0> 30 C 
Up to ^ Cr» Ni. 
Ho 


^SoIti> Rods. Strou 
Used as Subs^tute 
For Chromc-Moly 


Good 
Gcod 


Good 

Good 


uooc 


Good 


WVI^* 


Good 


laconel . 


78 Ni, i*^r. 8 
Fe \ 


Exhaust S^cks and 

Surfaces loosed 

to Hot Gases — ^ 


C6od 


Good 


Good^ 


— - — Good — 


Fair 






);04_C; 13. 0 Cr; 
5,4 Ti; 4t 0Ni; 
S.OMo:r<b»l 


Combostion Liners, 
Cross Ignition Tubes 




I 




Good 






i-286 

.._ — _ _ 


0,06 C; i4>.8 Cx^ 
d;J V;2itTi: • 


Jurbe»e^No«el_Frt?tt«» 
Statdr Assembly ^ 




Good 




Good 






Chromoloy 


,18 C;,,04Mn; 
.80 Cr; •86Mo; 


Conapressor^Sator 
Traine and Rear Casini 


■ 






Good — 








.08 V 







mle 2. UelMitity of tfie Ccmm Aircrdft Pktals, 



t^^eratures and excessive vibration of the engines These hot sec- 
tion pirts are also subjected ta cbntinupus heating and cooili^ - 
Tcgfaich; of course , causes repeated expansion and cbntractidn. xl^ese 
severe operating conditions introduce stresses that result in cracks 
^buud t^lded fittings', ;holes, lugs ^ clamps ^ and open-end' sections. 
Frequently, _a section of an eadiaust manifold is burned so severely 
that part of it tmist be. cut out and a butt or lap patch \^lded in 
place. This study guide is concerned with repair problems and pro- 
cedures cpmiion to these hot sections of aircraft reciprocating. 



engines. 



Examination of Parts 



WELD REPAIR 



Tlie cbiistructibn bf an aircraft part should be examined in ref- 
erence to its ability tb/ carry structtiral loads. ; if , for instance, 
iX was riveted in the initial cbns true tion^ there i^ good poss^i- 
biiity .that it is heat treated or nbnweldable br both,, if welding 
^s used in its fabrication, then there is a good* pbssibility that 
it can be safety repaired ^y welding. This^ of course, will be 
gjvernfed. by any heat treatment or cold workixig that might have 
been given the part after the welding used in_lts construction was 
completed., if the part is joined to its supporting fittings by sheet 
metal'screws or snap-type fasteners, or by any other low stress de- 
vice, that fact should be noted as it indicates that the part was nor 
designed to carry heavy loads. . The prol>abilil:y that it has riot been 
heat treated or cold worked ii. good, tterefbre^ welding may be en- 
tirely satisfar , 

In tiie final aiialysis, technical brders^ust be tised tb dispel 
any doubt, in sbme;cases,_it may be necessary to research the Air 
Force, military, or federal specifications before you are absolutely , 
sure of the. correct I procedure tb follow. -In such a circumstance^ by 
all means be sure. [The . time spent in research is unimportant com- 
pared to the cost ^ and the tragedy that mi^t bccur should a welded 
part ifail in flight.^ 

Table 1 lists the principal metals xised in aircraft cbristruction 
arid an adjective desctip tion of their weldability by the several 
welding methods.. This table can be used as a guide only, as many 
^ metals with excellent weldability become nqnweldable through heat 
treatment, plating j cold working ^ or by the type of service to ^ich 
they are subjected. \ 

Ybu may arrive at the ideritificatibn bf-metal used in the con- 
structibd of an aircraft part by one c: ?s.>-veral methods.. Visual 
examinatibri may be sufficient. Te(^.^:;::x?- orders, blueprints, and 
specifications may be necessary. Th-s shop methods of griridirig, - 
^ppirig, hardriessi irid acid testing m^ also be necessary. Nb 
sure, short-cut formula fbf metal ider.iification exists outside^the 
laboratory. But welding _success depends upbn correct identification 
and that be made by onsjof several methbds or by the collective \ 
application of several methoTdsi Sori^t attempt tb weld repair an 
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Pur bos e 


Procedure 


Reanlta — 1 


Acid 


To identify stain*, 
less steel from 
Ihcbhel 


Iwiake solution of lODcc 
HCl and 10 gr CUCI2. 
Place a few drops on 
a clean spot; allow to 
stand for a few nriin- 
utes. Add a few drops 
of water and wipe off 
solatibh. 


If a copper spot 
^hbws, the metal is 
stainless steel, A 
white spot indicates 
Incbnel. 


Spark 


To identify car- 
bon steels and 
fctrrbus cast- 
ings. 


Have a sample of each 
known metal on a 
panel. Gbmpare the 
spark of unknown 
with the known by 
testing on grinding - 
wheel. 


Metal can be identified 
by cbrhparihg: 

a. Lengtli of stream, 

b. Cblbr of spark. 

c. Shape of spark; 

d. Density of spark. 


Flarhe 


Tb identify mag- 
nesium alloy from 
aluminum or 
aluminum alloy. 


Obtain a chip ^f 
metal from the 
fractured area to 
be repaired^ mak- 
ing sure it is. clean. 
Apply the torch to 
chip. 


Magnesium will burn 
upon becoming molten. 
Aluminum **balls up" 
upon becoming molten. 


Caustic 
Social 


To identify the non- 
heat-treated- alurrii 
nuiti alloys fromth^ 
heat-treated alumi 
hum or the weldabl 
from the hohwcldal: 


Obtain sample and 
■ place in a sblutidn 
i of 10% caustic soda 
• and allow tb stand 
sfor a few minutes; 
ie« 


The weldable will stay 
the same coior; The 
hbh-wpldable will tiirii 
black. Alrlad core, 
will turn blacR. (cross 
secLion^. 


Heat Sc 
Quench 


To identify tow 
carbon steel tub- 
ing from X4130 


Heat sample tb red 
heat and quench- in 
water, then strike 
with a hammer. 


Low carbon steel will 
bend or flatten but.^ 
X4130 will shatter. 



Tabte 2. 5?z^ Tests for IdentificaHon of ftetals. 
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aircraft part imiess yoa can Identify the metals, since this deter- 
niiies ^ftxether it can be repaired and now to repair it. 

Identification of Wei dab! e Parte 

The COTing of the jet engine has introduced many new problems. 
Alloys used in iti cons true tibh must be super metals to withstand 
the .severe and prolonged service to which they are subjected. -The 
Very niture of the engine and its parts make precision welding neces- - 
saryl\ No longer can we "suppose" that a given welding method is ' 
sufficient or tiiat.a given fillo: rod will do. Years of research 
and study o£ welding principles and techniques are used by laboratory 
techniciOTS to determihe the procedure and technique to use in rer . 
pairing Se new metals being manufactured. Repairs Tsade by the welder 
must be as strong as welding can make it.. It wil-. :iOt be that strong 
if we attempt to do a job without knowing all abcut it; its service 
requirements, its strength, its corrosion resistance, its composition 
and the effects that -welding heat will produce. 

Earlier we discussed the con^osition of metal as to its being 
f err bus or ndnf errous and its original fabrication.. After these : 
sii^le facts are known, you should turn to technical orders and find 
the name and fraction of the part, where it is located, and estab-^ 
lish its relative importance and service: requirements. Knowing this, 
you should research the dash six (^5 , Field Maintenance and Replace- 
meht Technical Orders, for any reference to the failtire of that part. 
If directions are given,- follow them tb^e letter. If none are given, 
then turn tb the several shop methods of metal identification, shown 
in table 2. If it is alumintim, you can dhec* it with the caustic soda 
solution, give it a hardness test, and establish it as pure or as an 
alloy. This s^ procedure applies, of course, to the ferrous metals. 
The spark and hardiess tests will quickly establish their approximate 
composition and degree of hardness. In sbme cases, it may be necessary 
to weld a heat treated part ; and then reheat treat it. If this becomes 
necessary, ybu must be certain that the correct filler rod or electrode 
is used and that adequate f abilities exist for the reheat treatment. 

Blueprtets are a sburce Of information for identification bf 
the part or assembly. They are, or should be, on file in the line 
maintenance or ^iineering office. ' The. type of material, conditipn, 
and finish are indicated on the drawings Suppose, for example, that 
the drawings speilfies dirome-moly (4130) in the annealed condition. 
The fact that it is annealed is ; justification for welding repair, 
assuming^ of cbtirse, that contrary directions for its repair do not 
•ecist in. technical brders. 

Hot section parts fbr tbday's jet ^giSes are being made of^^ 
various st^eraiioy metals. Sbme of these are A-286, Ghromoloy^ N-155, 
L-605.' Incoloy, and 321 Stainless Steel." These superalloys are being 
used- due to. the necessity for metals which can withstand intense heat 
and pressures of -more .than 10,000 psi <^^^^^ ^^^^'^.^ 
periods of bperation at temperatures ranging from 1200 F to 200 F. 
The weldabiUty bf' superalloys .d^end more_on the individual alloy 
a5d its welding diaracteristics, than on &e group to which they 
belong. Thi field maihtenahce and replacement technical orders 
- Should be ySti^.TOiding Bible in the repair of aircraft engines using 
hi.^ performance superalloys. - 
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Figure 20. Engine J^chaust Syst&n Assearblij^ Con^Vete. 

The' engine exhaust system assenshly consists ot two groups of ^ 
traimese ^aijst stack assemblies :^icii_ are connected to port octen- 
sions on the front .^?linders and directly attached to the engine 
exhaust port pads on ^e rear cylinders. The e2chaust stacks are 
si5)ported by f igure-ei^t ^e claims, as shown in figure 20. 

WELDING eWieiS IN EXRAUS 

• ^^bugh apparently simple^ this is one of the most difficult 
welds to makei It Becomes even more difficult if the crack leads to 
. an open end Sat irast telescope into ^ or over^ another exhaust sec- 
tioni These cracks, of cbiSse, .form butt joints. Penetration must 




resdh, but not exceed 10D%> and the bead face axis t be flat w±thont 
tmSerrcuti Weidiig on H^. tecrperature parts is further complicated 
by their xsxi^^^ condition aaa2 by. a ceramic coating caused by the 
e^aust gases and prolonged heating. This coating inafces the cbni- 
pcnehts very difficult to clean i 




Figure 21* Cleaning. 

To cle^ the components, you mist soak them lii a carbon removing 
compound. The parts tiust. be soaked from one to five hours depending 
on the solution strength. The, cleaning must be accomplished in a 
well v^tilated area due tp the toxic and irritating effects of the 
solution TOpors. Rinse the parts with hot water, under pressure. 
If parts ^e nbt thbrou^ly clean ^ soak in a solution of caustic 
soda for one to three hoursV then steam clean thoroughly and. rinse 
in cold water. Clean the cracked area both inside and outside using 
a stainless steel brush or very light sandblast, as shown in figure. 21. 

Fi^e 22_illtistrates the setup for welding .«acks leading to 
an open end. The C-clamp is_used to maintain alignment of the jpint 
edges during ta^ welding. Sufficient spacing and sound tack welds 
are needed to miiiiize warping and overlapping of the joint edges 
during welding. To prevent oxidation ^ introduce back-up gas to th^ 
back edge of the joint. Tack welds are then made frOT the fixed to 
the open end_and spaced about one-half inch apart^ Th^ must be 
sound, vd.th 100 percent penetration. md sM easy, tan- 

iiterrupted welding over them .;:^S tart at the fixed end and jprogress 



TAC^ WEtDS 

RIbb ^ H0bE . 

Figure 22. Set^Up for Open End Crack. . 

to the open end. Do not stop the weld before it is finished, as 
oxidation is likely to occur at the point of stopping and starting. 

Whfere coiisiderable welding has been done on the manifolds^ 
residual stress tnay be- relatively hi^. This condition, if allowed 
to remain^ will caxise craclts to reocciir in the stress area and ^ 
parti cular3.y along the heat-affected zone adjacent to welds i Thfa 
stress can be removed by heating the manifdld^unit to a temperature 
of 1960-2606 degrees FV and cbbliiig slowly. This step is not con- 
■ sidered necessary \rtxen only one or two short cracks have been welded. 




-l^^.:^^---^"' r ' Figure 23. Vmaged Part. 

Figtore 23 illustrates a damaged part which requires both a 
crack repatir and a patch repair over the thinned area. 

The crack mist be ci^^ both inside and outside whenever pos- 
sibiei The edge, of tlie crack should^ then be leveled and tack welded 
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every haif-indh before att^ting final veld repM-- -ompiete 
the final weld; st^t weldteg frOTi the ends of the ci^^ . and wo^k 
both ways toward the center. During the welding procedure^ avoid 
overheating the material and keep tie weld face flat or sligitly _ 
convex on tie welding side. Penetration of the weld should be ^ and 
not to exceed, 100 percent. Again, the applicable TO lonst be fbl- _ 
iwed to assure proper post treatment of the weld and possibility of 
griiding Se weld to meet specifications of tiie part for assenfciy. 

LAP PATCH ; 

To repair a hole or a thiaaned area, a patch must be used. The 
TO will again give you the specifications you need for performing 
this repair. 

PATCH RiPAIR 




OVERLAP DIMErOSION 



Figure '12?$*'^ Patch Repair. 

Cut away .aii the thinned ^e^ and smooth out the stack body 
material edges;" Make sure the comers do not have less than bne- 
-quartier inch radius. Cut the patch 1/4-inch larger than the removed 
iaterial,as shown in figure 24. Use the same gauge material as 
the original stack body is and fbrmfit the patch to the contour of 
the stack body; 

DAMAGED ARgAj 




TACK WEtCXAT 
BOTH ENDS 
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Figure 2S. • Set^Up for Lap Patchv 



Set the patS ii position and tack weld in two places , as shown 
in figure 25. Figtire 25 also shows the correct welding procedure for 
a patch repair. Start at the center of edge not tacked and weld 
180^^ then gc. back to the start and weld in tie opposite direction 
180® , completing the wld. 

\ bVtt patch 



This repair is quite simple ^ but^ like welding cracks, requires 
careful preparation of the patch and the area of the manifold to 
\^tiich it will be welded. The extent of _daiii^e must be carefully 
determihed in_ order to remove aH the damaged area. The design of 
the patch will ^ of course^ depend upon the shape of the section 
removed^ In all' cases^^ the inside corners of the section should be 
rounded to permit a laore even distribution of stresses. As in ail 
repairs on aircraft parts, the metal for the patch must be the same 
type and thiclmess as Sat used in the fabrication of the manifold. 




Flgv^c 25. Layout of Section J^o be Removed. 

•ihe outline of the section to be removed may be iiiarked \d.th a 
pencil > as shown in figure 26. The section is then removed with a 
hacksaw or weldlixg torch. The welding torch method is a melting pro- 
cess ratier than one of cutting. The flame should be directed toward 
the section being removed so that the excess slag will be blown onto 
the section to be discarded. A hacksaw will produce a smoother edge 
and should be used ifteS possible. Finishing of the rough edges may 
be done with a file. 

A template for the patch can be made by placing paper on iight 
cardboard inside the manifold and tracing the cutaway area. The 
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teii^iate shotd-d then Be cutr^ l/64 inch smaUer oil all sides to provide 
proper spacing; The patch Is tfiencut to the. shape of the template 
aid formed to the proper contour in a slip roll former or by banding 
it over the horn of an anvil i 




' Figure. 27. PneimaHc Grinder Used to 
R&naoe £Scess Fmeiration, 

in welding this patchy' it must be iKiiformly spaced and properly 
tack welded. The spacing should equal the SSetal thickness on ail 
sides to perasit co^lete p^etration and to limit distortion and 
residual stress. The first tack .weld should be made at-±he back , 
center of tiie patch and then tack welds are made alternately from 
side to side. "C" Clamps can be tised to hold the patch in position . 
during welding. After tacking, the underside of the j-oint should 
be gas shielded, as in Sie preceding instruction^on welding cracks, ^ 
to prevent oxidation. The weld is then made in two steps by starting 
at the back cmtef tack weld and welding continuously to the end 'of • 

that half of the joint. Tae weld is completed by starting again 

at the back center tack wel? and welding the remainingf half . Welding 
from the back center to the open end in this manner helps to prevent 
cracks or stress in the weld area and possible loss of spacing caused, 
by contraction of the weld metal. Again, excessive penetration or 
retoforcement should be avoided to permit the telescoping sections 
to fit pfoperly. The weld face and excess penetration can be ground 
flush \d:th a pieuiatic grinder (14,000 rpm) , as shown in figure 27. 
Grinding wheels, designed specifically for use on stainless steel, 
are available in many sizes. 

ACCEPtABtE 




Figure 28. Acceptable Fart. 
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FtgTire 28 shows acceptable repair of ah exhaust manifold when 
done according to prescriSed procedures. 

WELDING GRAEKS " 

1. Hake a saw cut (if iio crack exists) from the end of a mani- 
fold to represent a crack. 

2. Clean the inside and outside of the stack in the liimiediate 
area of the crack. . 




Figure 2S. SrilHr^ Sole in Preparation 
for Welding a Crack. 

3. Locate the end of the crack and drill a small hole slightly 
(i/16 inch) beyond it, figure 29. ^ 

4. Align the edges and tack weld the joint. 

5. Weld the crack, starting at the drilled hole and wor^Sg 
forward to the outside edge. Make a flat bead to avoid excessive 
grinding. ' 

MELDINS A hAP PATeH 
li Prepare a hole in a stack to receive a lap patch. 

2. Cut a stainless steel patch of the same thickness as the 
• rest of the stack, round the comers, and fit^t to the contour of 

the stack. It should overlap the hole 1/4 inch. 

3. Tack weld the patch in two spots, opposite of each other. 

4. Weld the joint in two steps: (1) halfw^ around in one 
direction from center of the side not tack welded, then (2) in the 
opposite direction from the start point to finish the weld. 

WEhDiNG A BUft PATGH 

1. Use a hacksaw br a welding flame to remove a simulated worn 
or damaged part of the stack. 
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2i ^oth the edges of. the, cut-but with a file and clean the_. 
area for weldings 

3l a paper template of the cut-out area and use it to lay 

but a patch of the same thickness of stainless steel as the stack. 

4i - Rbii or bend the patch to fit the contour of the stacki 

5. Clamp the patch in position and tack weld it at the back 
center. 

6. :^Make successive tack welds on alternate sides, 1/2 to 1 
-frrrH apart • 

7i Weld the jbiht in two stages from the back center tack weld 
to the front edge in both stages. 

You have now completed this section of the study guide. 

Note: Answer tiie questions at the end of this chapter on a 
separate sheet of paper. ^ 

QUESTIONS i 

1. What is the first step when cleaning reciprocating engine 
parts? The second step? 

2. acplain stop drilling. ^ 

3. What TO should be researched to decide a part's importance 
and service requirements? 

4* ^ Give four (4) superallbys that hot section parts are made of. 

5. Vhy is mechanical cleaning discburaged when cleaning metal 
parts? * 

REFERENCES . 

T0'2RA Series, En gine Esdiaust Assembl^^-Systma . 
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WELDIN6 OF CARBON AN0 AhLOY STEEb 
tUBlJU\^ ASSEHBhiES 



OBaEOTIVES 



After ccnnpleting this study guide and yovx classroom instruction, _ ^ 

you will lay out-and fabricate tubular joJits and assemblies and you ' :/ 

will apply shop safety, good housekeeping, and fire prevention measures 
^Aile welding tubular asfenilies of carbon and alloy steel in accordance 
wi^ the criteridh checklist . 

INTROeUETION . . 

y 

• Tubular assemolies are used throu^but the Air Force in mainte- 
riance stands^ boarding ramps^ and various pTaces vhe_re_ the strength, / 
Oi^t weigbef and ease of construction of pipe or tubular assemblies j 
would be advantageous. / 

/ 

, INFORMATION _ / ' 

MANAGEMENT OF DEFENSE ENERGY AND RESOUReES . 

Measure and lay out splices to keep waste to a minimum and 
reduce the number of hacksaw cuts required. 

Tack weld a^d finish weld in rapid sequence so as to conserve 
oa^gen and acetylene gas. 

Fully use all welding rods within the limits of safety. 

TUBUbAR SPLICES 

The initial-step in the manufacture of an assembly is to make 
a plan or drawing showing the location of the ^rious parts and where 

are to be joined. In nKjst _cases, the drawing gives only the 
location and dimensiphs of the finished assembly. ^ 



— - --r^tjiaE_jae^»ers joay be spliced by partial tube replacement used 
with internal--or externa-te±nfor<:lng_steej|^eeves or by the use 
of an externally telescoping tube replacement of tfae-next_larget__ 
diamiter tubing. Each- type of splice has its partictilar advantage 
or function and. the methods Involved are essentially the same. 

Two types of splice welds arc permitted; the scarf and the 
fishmouth. The fisfimouth^ being the stronger of the two, is pr^- _ 
f erred over the scaSf weld. However, the nature and location of ^ the 
damage will determine which type must be tised. Splices may not be 

made In the middle third of a tube* section and olaly one partial 

replacement tube can be inserted in one secpion of a structural num- 
ber. When new tubfes are used to replace bent or damaged tubes, the 
original alignment of the structure must be checked and maintained. 
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The exact dlfflensibns can- "fee obtained ^om. a blueprint of the part or 
by measuring the distance betwem poid^ 5f corresponding members 
♦ • or undamaged^ identical sections of the part. The strength b£ the_ 
repair must be equal to the origis^ strength of the part. !faxlmum 
strength of theipart can be assured by the selection of the proper 
^pe and size of materials, locating an^ dimensioning the sleeves 
properly and Se appiicatibh of proper welding procedures . 

• eHRSME-HOLYBDENUH ALLOY STEELS 

_ Chrbm^mdiybdenum alloy steels, common^ known and referred to 

as fdir<>me-moiy aljby steels, may be welded^satisfactoriiy by all 

inethods and processes. The b^acetyl^e flame is generally preferred 
for welding Sin-walled tubing and light-gage sheet, particularly 
%^ere tte metal cmnbt be backed up on the side opposite that from 
^i^ the weld is to be made. For materials ^eater than. 3/32 ±nch - 
In thickness i the electric arc is preferred^ becaus^ the heat zone - 
vin be narrower, and, as a result, heat'sttessesjs^ii be lower and 
th# base metal less heat-affected. This is an advantage, especially 
where the part is top large to be heat-treated to relieve stresses 
produced by the welding^peratibn. 

^ ■ 9 _ 

The welding technique with the oxyacetylene flame is about 
the same as that required for plain-carbbh steels. The area_sUr- 
rounding the weld, however, should be pr^eated to between 300"* and 
i 800 ^'F^ depending on the thickness of the metai; this is_necessary, 

r because a sudden application of flame, without preij^iinary heating 

mi^t cause the fi^rtiation of cracks in_ the heated area. The flame 
^buid be directed on the metal at such an angle that preheating 
takes place ahead bf Ste weld. 

_ 'i copper-coated low- carbbn welding rod is used for general _ 
welding of this metal with the oxyacetylene flame, ehrome-mblybdenum 
or high strength-rods may be used for joints requiring high strength. 
The. strength of parts welded with these rods can be increased by 
heat treameht after welding. 

A soft (neutral br slightly carburizing) flsne must always be 
' used. Aifcoxidizfag flame bums the steel and weakens it and a weld 
made witli this flame may crack bh cbbling if cbntractibn is restrained. 
A highly carburizing flame makes the metal brittle and will also 
cause cracking on cooling. The volume of flame shbuid be just large 
enough to melt the base metal and to obtain good fusion. 

.^^___eR?CTheating will result in severe stresses being set up ^d 

will cause~~excessiv^grain_grbw^ This condition prbduces low 
^strength' in the welds and the adjacent area-b£ the base metal. 

The weld should be_ protected frbm the air as much as possible 
^ while hot,' to avoid' scaling and rapid cooling. When available ^ a ^ 
jet of hydrbgen directed bh the metal from the side opposite to • 

the weld will reduce scaling caused by oxidation and will add 

strength to Sxe finished part by eliminating air hardening around 
the weld. 

J . ^ 54 2?3 ■ . 

ERIC - 



Wjra"fixtiare.s are used to hoid the part to be welded.^ they 
^ould be designed to allow a oai^iinuffl amount of fflovement of the 
part. This is done to avoid distortion or cracking due to contrac- 
tion as the stetai cools. 



' . .REWIR 9F TUBULAR STRUCTURES 

Repairs to structural tubes consist of^ smoothing small nick^, . 
scrat^es and: deiits; reinf orcing cracked rovers, reinforcing dented 
arfeas;8pli.ctog damaged members; replacing damaged members when 
splicing is i^ractical; amd correcting izrfjiqr distortion. When in- 
specting for possible damage, tie structure surrounding a^^isoal 
damage asist be c^efuiiy exa^ed to insure that no secondary damge 
remains undetected. Secondary damage may be produced in some struc- 
ture ^remote from the location of the prijEary damage by the transmission 
of the damaging- stress along the tub- . Daraag^^of th5.s nature Usually 
occurs wherr the most abrupt change in load txavel is experienced. 
If this d^age remains undetected, loads applied in the normal course 
of operation iay cause failure of the part . Some forms of ^damage 
to tta>uiar strocturei may^be considered hegiiglble;. Such damage _ 
may t^^- Che form of .sii^ indmtatidhSi scratches, or tninor bowing. 
Smooth dents not exceeding one-twenpicth^f the tube diameter iti 
depthf^wLthouc cracks, feactures^ or sharp corners, and not in the 
Stddic tK.rd of tie length Of the mecfcer laay be disr^g^dedi »>xcept_ 
to saBs^ appearance. T«i>ular inesibers should be carefully examined 
for- the.pres^ce of sharp nidcs and deep scratches. These nicks and 
scratches produce stress concentrations that say cause failure of the 
part. , .■ ■ " : , ■- - ■ ' : " 
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■ Figure p. Reinforc^i W Seat-Tremd Tvibu&M^sr. ■ 

Sharp Dents or Cracks in Steel Tubes = 

if a cradc or sBa# dent is locat:ed iii the length >f a steel 
ta>R' it laay be i^^red with a reihforcemeiat sleeve ti&e. Heat 
treats siemBcrs are repteed by means Of a split; tube ci^ed^in 
Place over the da»agcd section, as shc?wtl in figure 30. The split 
ejbe iSisx cttcpd approjcimatciy . three diameters ^yond the edge of the 
dSt or crack, and of an equal wall thickhess to the tube being 
iep^ed. T^ clamps nust be secur.^ s^f iciently to prevent the 
damps or siceve from looseaiiig ia service i . - 

" ■ ' _ . -; • ■ ^ ■ . ■ ■ ■ 
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' MinfoT^Ttg d Dent or Crack 
in Steel Tiabing by Wetdlng. 

Dents or,ci:acli;s in tubttlar m^ers \Sich axe^not fieat treated 
oay be ireinfoirced as shoim in figtte 31. IMs method is satisfacto 
for short tubes prolong iMinbers .t*ere the to^ 

-Se middle one-third of the member. The reinforcing trie sfiould have 
an inside diaiaeter apprbadmataly eqtja^ to tte outside diameter of the 
tube being repaired, and of the same wall thidcnelss. The ttabe shoui^ 
extend beyond the d^ged area not less than 1-1/4 times the tube diam- 
eter. Bie ends of the sleeve may be cut diagonally at both ends to 
a 30^degree angle or to a f ishrouth form of cut. In the case of a 
crack in the damaged tub^^ a small hole should be drilled at each end 
to prevent spreading of the crack. The t^e is then cut in half ^ 
placed over the damaged area, and then welded along the length of 
the two sides and each end, as shown in figure 31. 



Outer Sleeve Repair 

The damaged section of tubing is removed by a squat^ cut across 
the tube'. Removal of the tube is made so the welded sleeves will _ 
not be made in the middle third of the meabcr. A;^ stub end of suffl- 
cimt length must be maintained to permit the proper positioning of 
the sleeve. A new tube is selected whicA is the sam^ type of metal 
used in the original fabrication oi t6e part. This tube must have 
the same outside diai^ter, wail thickness and length as the removed 
section. The maximam gap between the ends of the sttib and replace- 
ment tube is i/32 inch. Ail bi^s^e removed from the inside and 
outside wall of th4 stub and replacement tube t^permit movement of 
fee outer sleev^ into position. To prevent corrosion on the inside ^ 
of ffie the replacfflient tube, it is dipped into hot ^155"F5 raw linseed 
oiii The excess oil is wiped from the outside wail of the tube. 
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HOTC^ 0 «EFC^ mbuislOE DIAMETER OF ORg^ BEING REPAIRED- 0 

■ L eooaS iw. ori^ d whichever is greater. 



Figi£^ 32. IHmensii^ of Scarf ari^ FisTmouth Splices. 

rhe^ splicei either the scarf or fishinbuth sleeve, 

-is fabricated to the specifications and dimensions shown In figure 
32. Figure 33 illustrates the laethcd raed in positioning che sleeves 
to permit movement over thearea they are to reinforce. The sleeves 
are telescoped over the replacement tube and the square ends of this 
tube are lined up^tS the original tube stubs. The sleeves are then 
moved over the center of each joint. Ppsitibn the sleeves to tele- 
scope the inside tubes to proper dimensions and adjust the sleeve 
ends to provide tskxlmum reinforcement. 



SOUARE-CUT SNO— 
OF ORIGINAL TUBE 





L = l" OR l|p 
WriJCHEVER IS (SWEATER 



A=B 
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C 
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COMPtETEb SPLICE USING DIAGONALLY-CUT SLEEVES 
lyiAXlWUW 



SLEEVE J JTOf- BE.i«)XArED 
to SUrT CONOmONS AND 

PROVIDE MAXIMUM 
f^ElNFORCEMENT 




B OR 8f 

COMPLETED SPLICE USING FISHMOUTH-CUT St-EEVES 



Fi§ifre 33. Steel Ti^e Outer Sleeve SpWce Repair 
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Figure 24. Sccopf and Fisimduth Inner 
Sleeve SpZices. 

Inner Sleeve. Repair 

The scarf and fishinouth inner slteeve splices, shown in figtire 34, 
loay be used v^iere partial replacement of a damaged member is neces- 
sary. Although they are npre difficult to set up than the outer 
sleeve splices; they mist be used j^ere the original 'outside^iiameter 
of the ttJbe being repaired mtist be- maintained. Splices of tfiis type 
have about the same resistance to bending as the outer sleeve splices 
and will develop the full strength of the tube. - The scitrf iaaer 
sleeve splice is always used in preference to the f ?^bsor ch. l-bi _ 
fishmouth ends require considerably more time izi fai-min? thi ends of 
the stub member and the replacement tube. Weiitt?^ cf the tii-^a-^cath 

■■ inner siee^re is also ihore clificult. The scari* *m^er sle-rvf . .. lice 
is dimensioned and fabricated to the form phorvn :ln i:igure ?5 ^ The 
le^xgth of cut is the same as 'for the o^ar?' outer sleeve;, whtcn is 
two times the diameter bf the^tube beiixg "epaired. ThJJS giv'es an: 
angle of approxisiately 3Q J^egrees. ^The lengtl. c£ the tuner sleeve 
is 4-1/2 1). When, repail ing a one-lBcb diSieter rube* tu.^s perslti 
- the sleeve to extend tie distance "Li ' wHTrh is or 
D,''sA£^ever £s greater, beyond the neai3i,t -^n of scarf \in»..b. 
To obtain iaximim strengt'ii, t±e reinf^rr,.:iis tu-.e, which f-s the .nner 
sleeve, must be of the same wall thlcloiess sxid have- an outsiae 

, . diameter approximately equal to the iisslae d: meter rf rhs awc-gft- 
tube. .The maximum toiercoicc is 1/64 of a:^ ±n<:i. 




Figure 35. Scarf Irsier Sleev& Splice Vir^^iSieni) . 
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SLEEVE WILL END HERE 




MAKE MARK AT 
CENTER OF CUT 



0 4t4bj4btE, MINIMUM 
SLANTED 



MIN'PIUS; 
-X 



MARK, eUT, AND 
DRILL TUBE END 




1 WELD END "a" OF WELDING 
\ ROD TQ INSIDE OF SL EEVE 



PUSH }A6 welding! rod thru 

HOLE AND OUT END OF TUBE 



MAKE MARK AROUND 
CENTER OF SLE EVE 




Vfa WELDING 
ROD 



TO ^^ID SLIDING 



CUT AND MARK SLEEVE AND WELD ON END OF SLEEVE- PULLINS. WIRE 

' ^ ORIGINAL TUBE-^^ SPLICE M EMBER ^/ 




POLL END "b*- INTERN At SLEEVE 

INSERT SLEEVE INTO SPLJCE M£MBER AND AUGN TUBES 




6AP- internal SLEEVE SPLICE MEMBER' 
TRIM SLEEVi-PULLiNG Wmk AND WELD HOLE AFTER COMPLETION OF REPAIR 
PULL WELDING F?dD UNTIL CENTER MARKS LINE UP 



fi^si^ CehteHr^ Inne-' Steele in Stub and Eeplacemeht Tubes. 
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The dafflaged ssctioa of tab^g is removed by cutting, a scarf . 
angle i locating^the cuts, away from the middle third of the damaged 
tube sectlph. The buirrs must be r^oved by filing to permit the - 
tuBe to telescope the inner sleeves. The new section of tubing r.;.. 

Sist be of the same diameter, wall thickness and length as the v- 

raooved section of the damaged tube. At each end of the replacement 
tube, -a scarf cut is mde to the same dimensions _as the stub mem- 
bers, allowing a l/8-±nch space between t'.ie scarf butt ends of the 
stidj tSMlber and replacement tube. If the spacing is less than 
l/8^ixich at the scarf joint, fusion to the inner sleeve vd.ll hot 
take place. The inner sleeve must be fused to the outer sleeve to 
prevent it from slipping away from the area it is to reinforce. 

FigtSe 36 illustrates the i>rocedTire for centering the inner . 

sleeve tube inco iSe replaceneht tube at the scarf joint. The center 
of the scarf ctit is -located on the stub" member near the edge of the 
joint: At a ininifflum distance of 2-1/2 B from the ne^^ 

scarf cut i center punch the tube and. driH a nunber jO hole. The- ^ 

.fibie should be drilled at an angle of 30 degrees to p^mit the • 

sleeve-puHittg wire to move freely with the inner sleeve tube. A;= 

length of 1/16 inch welding or brazing rod is^ then inserted into the ^ 

hole and through the^d of the stub tube. The tnlre is then. welded * 

to the inside wall of the reinforcing inner sleeve; 

This dnnet sleeve should be cheered and all burrs ^r^oved from 
Se inside of the stub and replacement tubes ' to ^facilitate sliding 
the inner sleeve into position. The center of die sleeve is marked, 
as an -aid in centering the sleeve into the scarf joint, ^e imer 
sleeve tube is inserted into the replacement tube 180 degrees frdm 
the drilled hole, if -the fit between the two tubes is too tight, 
polishing the inner siee^^e with" emery cloth is necessary. Align the 
stub ends of ^ the original. tubes with the scarf angles of the.replace- 
iint tube. Piil the exposed aid of the sleeve-pulling wire until the 
center mark on the sleeve is directly in Itae with the center mark 
on the saarf cut* figure 36. The pulling wire is then bent sharply 
to 'hold Se cleive in position. A final check on the overall axri — 
sidns can then be made and one of the scarf tubes tack weldea^,: . - 
position. The opposite end is free to nCve as the first pomt l- 
being welded. The weld is made through the 1/8-inch spacing ben c 
ihe butt ends of the scarf joint. This first weld is then per;- --e . 
to cool completely, making it possible to allow for contraction 
the welds at the last joint. The section is then jacked apart. 1, ao- 
Inch over Se dimensions des.fr2d. The last scarf joint is tack 
welded 'md the ja<^ and dlamp removed to permit the section to 
exp^M and contract free]^. Then the. weld is made;, upon cooling 
Completely, the station will cdhtract to the approximate desired 
daoehsions.. The sleeve-pulling wires are then cut flush with the 
surface of the tube and the holes welded. 

SCARF SPLICE 

i. Cut (hacksaw) a length of .058" wall tubing -ufficient 
to splice a 7/8" On tube. AHow an extra 1/S" for filing. 

■ t. Renwve ail btircs. 

- . m 



3. Apply a coat o£ layout dye for a distance of two inches 
oxi both ends of the tube; 




Figure Z7. Scribing Round Stock with Centering Bead. 

4. Insert the 12" blade in the centering head and scribe the 
txiing wall at opposite (180**) sides ^ figure 37. 




Figure, 3d.- Aligning One of Marks on Ef^^ 
of Tube with Top Edge of Block. \ 

5. Place the tube in a centering block and align one mark 
on tie end of the tube with |he top edge of the block, figure 38. 
Scribe a line the entire lengtH of the tube. 




Figure SS. Atigni\ j Mark on Snd of Tid^e with 
- . . " Mark a£ V at Bottom of Block. 

6i Rotate V&e tube 90*" or until one mark on the end of the 
tube linra up with notch or V at the bottom of the centering 
block, figure 39. - 



Ficvre 40. ScriMm a Line. at Right 
• Angles to t}ie Tkmgi-^udi nat Line. 



7, Insert the 12" blade in the square head and scribe a short 
line one diaoeter from end of tube and at right angles to the longi- 
tudinal line, figure i-?. ■ 




8. Insert tiie blade in the protractor head, . set it at 30** and 
scribe a short line that bisects the 90** angle, figure 41. 




FicfT^e 4\. Cutting Tubing 
with a Baclcscnj). 



9. Place tubing in claiap and vise and cut the 30** angles, 
figure 42. 




Fic e 42. ChaoKing Angle with the Protraotor. 

10. Check the angles with a prot-^actbr, figure 43^ -and file 
them to the correct dimehsidns. 

-FISHMOUTH SPLICE 

1. Cut a rectangular piece of paper equal in length to the 
desired: finished length_of the splice and equal 'in width to the 
circumference of the splice. 

2i Fold the paper into four equal sections. Unfold it aad 
dxOT a line along each crease, figure 44. 
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Jl^tWJ AUMO CiS^tft ^^^^ AW 



or SLCCVC TU8C 



Figure ffakir^ a TerrpUte, Sief 1. 



iha«n to form thrS eqS2e?^ JSJJ.^ ^^'^^^ ^« 
at each end. equilateral triangles and two right triangles 



aa&^ag^ST^ Cc^CriNG THE 



T 



OF SCECVE TUBE 




•0- ,S THE DtAltTER OT THE TUK Kp^ ^j^^ 




4i Cut out the two ri^t angle triatigleis and the center equi- 
lateral trimgici figtjre 46. . 
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Figui^e 47_. _ Wrccg a T&rplate Aromd Tube 
* and Sedwpe iv with Masking Tape. 



5. Wrap the template around the splice and secure ±t with 
iaskihg tape^ figure 47. Mark the tube with a pencil or by expoi^ing 
the ^ds of the carbon or sbbt of an acetylene flame. 

6. RCTOve the t^late, place the splice in a tubing clamp,' 
and make four separate cuts on each end. 

7. File the spl-ce to correct dSensibns, checking it fre- 
quently with the template. ^^ 

1/32 SPACIM6 Q 

I — \ 




HOfl; 0 EQO&tS DIAMETER C" TUBE BEING REFfclREO-^ 
t EQUAbS I IN. OR 0 WHICHEVER IS GREATER 



' Figia>e_i8. Socacf and Fislmouth Outer Sleeve Splices. 
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WELDING SCARF ANB FISHMBUTH SLEEVE (Figure 48) : f . 

Note: Use sleeves fabricated. 

^' , i. Select four tubes 6" Ion- of proper diasieter vhich wiil - 
telescope into t^ outer sleeve.^ 

2. Pbsitibn' sleeves so as to ailow 1/32" spacing between the 
square ends of the inside tubes. 

: 3. Tack weld splices into position, making sure sleeves are . 
^operly aligned^ 

4. Weld splices in the flat position * rotating tubes for ease 
of welding. 

5. Allow the welds to cool slowly to room tenperature. 

6. * RCTibve all*burrs from inside of tube ends. Your instructor 
will check the appear^ce of the welds and then tensile pull each 

"to determine strength of each welded splice. ; 

STATIQN dOim ' 

5 

1. Cut material for figure 49 vd:th hacksaw. 
»a. 1-"A" tube 2-3/4" lotig. 
' . -b. i-"B" tube 5-1/2" long. 

. c. 2-"C" tubes 4-1/2" Ibng. 

a. 2-"D" gusset plates - 3.93 x 3/8" x 2-1/2" long. 
' 2. Square "B" tube at both ends to a 90-degree Sgle. ♦ 

3. Square "A" ttSe at one end to a 90-degree angle. Rough 
grliid the other end of tube to fit. contour of "B" tube. Finish 
contour fit with a half-round fjHe. 

4. Square one end of "C" tubes at a KO-degree angle. Rough 
grind oSter jmds to fit contour of ^nd VC" tubes. Finish 
"contour fit with a half-round file. 

'5. All tubing centerlines should taeet at one central point 
to Equalize tiie "stress load on any one tube In proportion to size. 

: 6. Gfisset plates are cut at 45-degree angles on each ehd_ to 
fit angle of "A" and "B" tubes. 



3utit Welds 

2. AUgsv-the . tubing, in V blocks i ailoWlhg *but -3/64" spacing. 



I 1. Clean and deburr the ends- of the tube. 



I 



Pt*IN BUTT WELD 

• i>-4T 




9. rZF. JOINT e. WELDING PR0Ca>URE,T^ JOINT 

Figure SO. Sutt OKd Tee -Joint Weld* 

3. Tack weld in three places ihdicaLed in figooce 50. 

«i. Usiig forehand welding^ carry the weld iipvnrd as asuch as 
^;c:;sible« 

5.: After the^t^eld is completed, check It for proper specif tea- 
tiphs and. the tube for aligtcaenc. . 

Tee fields - . . 

1. Grind or dEtie the end of one tube to content to the biirvature 
of the other tube.. 3e sure to remove all bxirrs. 

2. After this joirtr firs within 1/15", sec up an? taci^ --v-id. 

3. Follow Che weeding prbcedure for a T-joinc, as*indicaced 
In' figure 50. - - 

Station Joint 

i.. Place tiding in f ixtur.^ and use proper .cackir.g prdceduip to 
^intain titular alignaent. (Do not tack gussets in -place at this 
tiffle ^ ^ 

2i Refflo.e from firture and use proper weld sequence c?> -caa- - . 
piete tube to tube structure. . / 



3. Tack and weld gusset plates to tubingi 

4. liilhen joint has cooled^ cut through inspection areas and 
prepare cut for acid etch.: 



5. Etch eadi cross section weld for penetration between tube 
and plate. 



Note: Aiiswer the questions at the end of this chapter on a 
separate .sheet of paper. ' - 

QUESTIONS . 

1. How should 4130 tubing be cooled after welding? -Why? 

2. What is Se~^ji5±nrns"^a'e&g rbr an outer tisSmdStti-'spxrcer 

3. What is the proper angle to be -cut when maldig all 
splices? 

4. What is the correct ieiigth for a fishniduth splice?" 

5. How is the length of all splices determined? 

6. When welding 4130, x*at is the correct flame used when 
bxyacetylene welding? 

7. Why is chrbme--mdlybdenum' alloy steel tubing preheated 
before welding? . - 

8* What will the result be if the tubing is overheated while 
welding? 

9. How does a fishmbuth splice differ from a scarf? Which 
is most preferred? Why? 

REFERENCE 

TO 1-lA-l, General Manual for S tructural Rep ai*^ 
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